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(54) Title: HER-2 BINDING ANTAGONISTS 
(57) Abstract 

There is disclosed a pharmaceutical composition for Heating solid tumors that averexpress HER— 2, comprising an ***** ^??i^.?' ora 
(hegrtnmawWngof <a) an isolated polypeptide having from about » to 79 ammo adds taken from to"V*^SBQ*D ™th 
wtaStome pohT^ bmds to the exuacellular domain ECD of HER-2 at an affinity of at bast 10*. (b) m*61iri*n4$y^*uA 
TOlYDeptklc rutf nttan about 300 to 41 9 amino scidi tifcon from the aqua** of SEQ ID NO. 2, wherein the C terminal ™ "nancjicids 
SoScm. and herein at least three N-Unked glycosylatbn site, are present, (c) a monoclonal antibody that bindtt o the ECD ofKER-£ 
wd^rSniuooi thereof, with the p^Xlei agent cannct be the monoclonal antibody alone, and phann*ctuncally acceptable 
carrier. 
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HER-2 BINDING ANTAGONISTS 
Technical Field of the Invention 

The present invention provides a HER-2 binding antagonist. Specifically, intron 
5 retention has generated a novel HER-2 antagonist polypeptide that binds to the HER-2 
receptor. 

This work was supported by a grant from the Department of Defense (DOD) Breast 
Cancer Research Program. The United States Government has certain rights in this invention. 
Background of the Invention 

10 The HER-2/neu (erbB-2) oncogene encodes a receptor-like tyrosine kinase (RTK) that 

has been extensively investigated because of its role in several human carcinomas (Hynes and 
Stern, Biochim. et Biophys. Acta 1 198:165-184, 1994; and DougaU et al., Oncogene 9:2109- 
2123, 1994) and in mammalian development (Lee et al., Nature 378:394-398, 1995). The 
sequence of the HER-2 protein was determined from a cDNA that was cloned by homology to 

1 5 the epidermal growth factor receptor (EGFR) mRNA from placenta (Coussens et al., Science 
230:1 132-1139, 1985) and from a gastric carcinoma cell line (Yamamoto et al.. Nature 
319:230-234, 1986), The HER-2 mRNA was shown to be about 4.5 kb (Coussens et al, 
Science 230: 1 132-1 139, 1985; and Yamamoto et al.. Nature 319:230-234, 1986) and encodes a 
transmembrane glycoprotein of 185 kDa m normal and malignant human tissues (p]85HER-2) 

20 (HynesmiStenuBiochim. ei Biophys. Aaa 1198:165-184, 1994; and Dougall et al.. 

Oncogene 9:21 09-2123, 1994). The function of the HER-2 gene has been examined mainly by 
expressing the cDNA corresponding to the 4.5 kb transcript in transfected cells and from the 
structure and biochemical properties of the 185 kDa protein product P185HER-2 consists of a 
large extracellular domain, a transmembrane segment, and an intracellular domain with 

25 tyrosine kinase activity (Hynes and Stem, Biochim. et Biophys. Acta 1 198:165-184, 1994; and 
Dougall et al., Oncogene 9:2109-2123, 1994). Overexprcssion of pl85HER-2 causes 
phenotypic transformation of cultured cells (DiFiore et al., Science 237:178-1 82, 1987; and 
Hudziak et al„ Proc. Natl Acad. Set. USA 84:7159-7163, 1987) and has been associated with 
aggressive clinical progression of breast and ovarian cancer (Slamon et al., Science 235:177- 

30 182, 1987; and Slamon et al.. Science 244:707-712, 1989). pl85HER-2 is highly homologous 
to the EGFR. However, a ligand that directly binds with high affinity to pl85HER-2 has not 
yet been identified. Moreover, the signaling activity of HER-2 may be mediated through 
hcterodimcrization with other ligand-binding members of the EGFR family (Carraway and 
Cantley, Cell 78:5-8, 1994; Earp ei al, Breast Cancer Res. treat. 35:1 15-132, 1995; and Qian 

35 et al., Oncogene 10:211-219, 1995). 

Divergent proteins, containing regions of the extracellular domains of HER family 
RTKs, are generated through proteolytic processing of full length receptors (Lin and Clinton, 
Oncogene 6:639-643, 1991;2abrecky etaL,J. Bioi Chem. 266:1716-1720. l991;Pupaet al.. 
Oncogene 8:2917-2923, 1993; Vccchi et al.,7. Bioi Drew. 271:18989-18995, 1996; and 



-3- 



25-88-' M 17:83 FRCM- 



T-712 P023/866 F-692 



» • • 
••• • 
•••• 
• • • 



• * • 

• * * 
• 



■ » • 



Vecchi and Carpenter, / Cell Biol. 139:995-1003, 1997) and through ahemative RNA 
processing (Pctch ct aL, itfo/. CWi 5/0/. 102973-2982, 1990; Scott et a]., Mot Cell. Biol 
132247*2257, 1993; and Lee and Maihle, Oncogene 16:3243-3252, 1998). The 
extracellular domain of pl85HER-2 it piotcolyttcally shed from breast carcinoma cells in 
5 culture (Pctch ct at, Mol. Cell Biol 1 02973-2982, 1990; Scott ct aL, Mol Cell Biol 
132247-2257, 1993; and Lec and Maihle, Oncogene 16:3243-3252, 1998). and is found in. 
the serum of Borne cancer patients (Leitzel ct al., / Clin. Oncol 10:1436-1443, 1992) 
where it is may be a scrum marker of metastatic breast cancer (Leitzel et aL, / Clin. 
Oncol, 10:1436-1443, 1992) and may allow escape of HER-2-rich tumors from 

10 immunological control (Baselga at aL, J, Clin. Oncol 14:737-744. 1966; and Brodowicz et 
aL,/«t J. Cancer 73:875-879, 1997). 

A truncated extracellular domain of HER-2 is also the product of a 2.3 kb 
alternative transcript generated by use of a polyadenyhtion signal within an intron (Scott et 
aL, Mol Ceil Biol 13:2247-2257, 1993). Ihe alternative transcript was first identified in 

15 the gastric carcinoma cell line, MXN7 (Yamamoco et aL, Nature 319230-234, 1986; and 
Scott et aL. Mol. Cell. Biol 13:2247-2257, 1993) and the truncated receptor was located 
withra the perinuclear cytoplasm rather man secreted from these tumor cells (Scott ct al., 
Mol. Cell Biol 132247-2257, 1993). However, no particular dierapeutic, diagnostic or 
research utility has been ascribed to this truncated extracellular domain polypeptide A 

20 truncated extraceHulnr aomam of the EOFR, generated by alternative splicing (Petch et aL, 
Mol Cell Biol 102973-2982, 1990) is secreted, exhibit* ligand-bindm& and dimeauatkm 
properties (Basu et al. Mol Cell Biol. 9:671-677, 1989), and may have a dominant 
negative effect on receptor function (Basu et aL, Mol Cell Biol 9:671-677,. 1989; and 
FUckinger ct aL. Mol Cell. Biol 12:883-893. 1992). 

25 Therefore, there is a need in the art to find molecules that bind to cellular HER-2 

and particularly molecules that bind to different sties than humanized antibodies to HER-2 
(e.g., HcrceptinG). Such molecules would be useful therapeutic agents for various cancers 
that overcxprcss HER-2. 
Summary of the Invention 

30 According to one embodiment of Ihe present invention mere is provided an isolated 

polypeptide comprising an amino add sequence selected fiom the group consisting ofSEQ 
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IDNO:l, or a fragment of SEQ ID NO:l of about SO to 79 contiguous residues in length, 
wherein the polypeptide bind* to the extracellular domain (ECD) of HER-2 with in affinity 
binding constant of at least 10 1 M 4 . Preferably, the isolated polypeptide is from about 69 
to 79 amino acids in length. Preferably, the isolated polypeptide binds to a she on the ECD 
5 of HER-2 that is different fium the site of binding of Hercepling (a marketed humanized 
monoclonal antibody that is used for the treatment of cancer and that bindi to the ECD or 
HER-2). 

The present invention further provides an isolated nucleic acid comprising a 
sequence that encodes a polypeptide comprising an amino acid sequence selected from the 
10 group consisting of SEQ ID N<M, or a fragment of SEQ ID NO;l of about 50 to 79 
contiguous residues in length, wherein the polypeptide binds to the extracellular domain 
(ECD) of HER-2 with an affinity binding constant of at least 10" M* 1 - Preferably, the 
isolated polypeptide is from about 69 to 79 amino acids in length- Preferably, the isolated 
polypeptide binds to a site on the ECD of HER-2 thai is different from the site of binding 
15 of Herceptin (a marketed bummized monoclonal antibody that is used for the treatment of 
cancer and that binds to the ECD or HER-2). The present invention further provides a 
transfected cell comprising an expression vector having a nucleic acid sequence that 
encodes a polypeptide comprising an amino acid sequence selected from the group 
consisting of SEQ B> NO:l, or a fragment of SEQ ID NO:l of about 50 to 79 contiguous 
residues in length, wherein the poiypepddc binds to the extracellular domain (ECD) of 
HER-2 with an affinity binding constant of at least 10* M" 1 , 

The present ixrvention further provides an isolated polypeptide comprising an 
amino acid sequence selected from the group consisting of SEQ ID NOt2, or a fragment of 
SEQ ID NO:2 of about 80 to 419 contiguouj residues in length, wherein the C terminal 79 
contiguous amino acids are present, wherein at least one N-Knked glycosylate site is 
present, and wherein the polypeptide binds to the extracellular domain (ECD) of HER-2 
with an affinity binding constant of at least loF M* 1 . Preferably, the isolated polypeptide is 
from about 350 to 419 amino acids in length and four N-hnkcd glycosylate sites are 
present. Preferably, the isolated polypeptide binds to a site on the ECD of HER-2 that is 
30 afferent from the site of binding of Herceptin (a rjaariccled humanized monoclonal 
antibody that is used for the treatment of cancer and mat binds to the ECD or HER-2). 
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tbo present invention fiuther provider an isolated nucleic acid comprising a 
sequence that encodes a polypeptide comprising an amino add sequence selected from the 
9019 consisting of SEQ ID N02, or a fragment of SEQ ID NO:2 of about 80 to 419 
contiguous residues in length, wherein the C.tetminal 79 contiguous ammo aeidi are 
5 present, wherein at least one N-Iinked glycosyUtion site it present, and wherein (he 
polypeptide binds to the extracellular domain (ECD) of HER-2 with an affinity binding 
constant of at least 10* MT l , Preferably, the isolated polypeptide is from about 350 to 419 
amino acids in length and four N-linked glycosyUtion are present. The present invention 
former provides a tzanafected cell comprising an expression vector having a nucleic acid 

10 sequence that encodes a polypeptide comprising an amino acid sequence selected from the 
group consisting of SEQ ID NO:2, or a Judgment of SEQ ID NO:2 of about 80 to 419 
contiguous residues in length, wherein the C terminal 79 contiguous amino acids are 
present, wherein at least one N-linked grycosyiation site is present, and wherein the 
polypeptide binds to the extracellular domain (ECD) of HER-2 with an affinity binding 

15 constant ofat least 10* M"\ 

The present invention provides a method for treating a solid tumor characterized by 
overexpression of HER-2. comprising adnuniatering a therapeutically effective amount of 
an agent selected from the group consisting of: (a) an isolated polypeptide comprising an 
amino acid sequence selected from the group consisting of SEQ ID NO:l, or a fragment of 

20 SEQ ID NO:l of about 50 to 7V contiguous residues in length, wherein the polypeptide 
binds to the extracellular domain (ECD) of HER-2 with an affinity binding constant ofat 
least 10 1 M" 1 ; (b) an isolated polypeptide comprising an amino acid sequence selected from 
the group consisting of SEQ ID NO£, or a fragment of SEQ ID NO:2 ofebout 80 to 419 
contiguous residues in length, wherein the C terminal 79 cojigguojg amino adds are 

25 present, wherein at least one N-linked glycosylation site is present, and wherein the 
polypeptide binds to the extracellular domain (BCD) of HER-2 with an affinity binding 
constant of at least 10* NT 1 ; (c) a monoclonal antibody that binds to the extracellular 
domain of HER-2 (ECD) of HER-2; and (d) combinations thereof, with the proviso that 
where the a^osmon comprises monoclonal aiwTwdy It 

30 the agents of (&) and (b). Preferably, the solid tumor that overdresses HER-2 is selected 
* fiora the group consisting of breast cancer, imail cell lung carcinoma, ovarian cancer awl 
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colortcaocer. Preferably, the agent is the isolated polypeptide having from about 50 to 79 
amino adds taken frran the sequence of SEQ ID NO. 1. Moit preferably, the agent is a 
r^^^atfnq 0 f the isolated polypeptide having from about 50 to 79 amino acidi taken 
from the sequence of SEQ ID NO. 1 and the monoclonal antibody that binds to the ECD of 
5 HER-2. 

The present invention further provides a pharmaceutical composition for treating 
solid tumors that overcxpress HER-2, comprising an agent selected from the group 
consisting of (a) an isolated polypeptide comprising an amino acid sequence selected from 
the group consisting of SEQ ID NO:K or a fragment of SEQ ID NO:l of about 50 to 79 

1 o conn' guous residue* in length, wherein the polypeptide bind* to the extracellular domain 
(ECD) of HER-2 with an affinity binding constant of at least 10* M* 1 ; (b) an isolated 
polypeptide eexopraing an amino add sequence selected from the group consisting of SEQ 
ID NO:2, or a fragment of SEQ ID N02 of about 80 to 419 contiguous residues in length, 
wherein the C terminal 79 contiguous amino acids are present, wherein at least one N- 

15 linked glycos ylarion site is present, and wherein the polypeptide binds to the extracellular 
domain (ECD) of HER-2 with an affinity binding constant of at least 10 1 M* 1 ; (c) a 
monoclonal antibody that binds to the crtraceflular domain of HER-2 (ECD) of HER-2; 
and (d) combination* thereof; and a pharmaceutically acceptable carrier or exctpient, with 
the proviso that where the cctmposition comprises the monoclonal antibody it also 

20 comprises at least one of the agents of (a) and (b). Preferably, the agent is the isolated 
polypeptide having from about 50 to 79 amino acids taken from the sequence of SEQ ID 
NO. 1. Most preferably, the agent is a combination of the isolated polypeptide having 
from about 50 to 79 amino acids taken from the sequence of SEQ ID NO. 1 and the 
monoclonal antibody that binds to the ECD of HER-2. 

25 The present invention further provides a method for targeting a therapeutic agent to 

cancer cells characterized by overexpwesion of HER-2, comprising attaching the 
therapeutic agent to at least one oJE (a) an isolated polypeptide cenrorising an amino acid 
sequence selected from the group consisting of SEQ ID NO:l, or a fragment of SEQ ID 
NO:I of about 50 to 79 contiguous residues in length, wherein the polypeptide binds to the 

30 extracellular domain (ECD) of HER-2 with an affinity binding constant of at least 10 s M" 1 ; 
and (b) an isolated polypeptide comprising an unino acid sequence selected from the 
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group conasang ofSBQ ID N02, or a fragment ofSEQ ID N03 of BO to 419 contiguous 
residues in lengfo, wherein the C terminal 79 contiguous amino acid* are present, wherein 
at least one N-Iinked glycosyianon site is present, and wherein the polypeptide binds to the 
extracellular domain (BCD) of HER-2 with an affinity binning constant of at least 10* M* J . 
5 Preferably, the isolated polypeptide is from stout 69 to 79 amino acids m length. 
Preferably, die isolated polypeptide binds to a site on the BCD of HER-2 that is different 
from the site of binding of Herceptin® (a marketed hnrnanized tnanoclonal antibody that is 
used ibr the o^amient of cancer and that b^ ' 

The present mvcrmoa further provides a method for dete rmining a prognosis of 

1 0 tumor treatment for a tumor that o verexprosses HBR-2 , ewnprising: (a) obtaining a bodily 
fluid or tissue sample from a test subject; and (b) determining, using a suitable ami- 
p68HER-2 nmTjody-based assay, an amount of p68HER-2 in the sample, whereby the 
prognosis is, at least in part, aflwded. Preferably, the method for detennining the 
prognosis of tumor treatment further comprises measuring the amount of pl85HER-2 ECD 

IS in the bodily fluid, and determfning a ratio between the amount of p6BHER-2 and 
pl85HER-2. 

According to another embodiment of the invention there is provided an isolated 
polypeptide consisting of an amino acid sequence selected from the group amastingof 
SEQIDNO:l. 

20 Awarding to another enwodiment of the invention mere is provided an isolated 

polypeptide consisting of an amino acid sequence selected 6om the group consisting of 
SEQIDNOS. 

According to another enmodiment of the invention there is provided an isolated 
polypeptide winpising an amino acid sequence selected fiom the group consisting of SEQ 
25 ID NO:ll, and a fragment of SEQ ID NO:ll of about 50 to 79 contiguous residues in 
length, wherein the polypcptife binds to the extracellular domain (BCD) of HER-2 with an 
affinity binding constant of at least 10* M" 1 . 

According to another eanbodunent of the iirvenrioa there if provided an isolated 
polypeptide consisting of SEQ ID NO:l 1. 
30 Accarduig to another embodiment of the invenrion there is provided an isolated 

pclyp^ndearopri^ 
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ID N0:12, aod a fragment of SEQ D NO:12 of about 80 to 419 contiguous residues in 
length, whcrem the C-tK^^ 

N-lmked glyeosylaticm site is present, and wherein the polypeptide binds to the 
extracellular domain (EGD) of HER-2 with so affinity binding constant of at least 10* M*\ 

5 According to another cabodiment of the invention there is provided an Isolated 

polypeptide consisting of SEQ ID NO: 12. 
Brief Description of the Drawings 

Figure 1 shows a nucleotide and ammo acid sequence of the insert in the 
extracellular domain of HER-2. The HER-2 ECD coding sequence from exon 1 -9 (primers 

10 A and B) was amplified by PCR from a cDNA library fnm SKOV-3 cells. A product of 
-1420 bp was found to be HER-2-specific by Southern blot analysis. ThiB product was 
subclooed and the nucleotide sequence was detenroncd. m panel A, the nucleotide 
sequence is shown for the 274 bp insert (outside the box) and for the inwwUately adjacent 
y and ^sequences enclosed in the box. The insert is located between nucleotide residues 

15 1171 and U72 and following arnmo 
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acid residue 340 in p!85HER-2 using the numbering of Coussens et al. (Seimce 230:1132- 
1 139, 1985). The consensus 5' and 3' splice sites at the arrows are shown in larger print. The 
inserted sequence is in-frame with 5' HER-2 exon sequence and is deduced to encode a 79 
amino acid extension following Arg 340 (R"°). The novel 79 novel amino acid sequence 
5 encoded by the insert is proKne-rich (19%) and has a consensus asparagine linked 

glycosylate site, which is underlined. A stop codon was found at nucleotides 236-238 within 
the inserted sequence. In panel B, the predicted product of the alternative transcript is a 
truncated secreted protein which contains subdomains 1 and II identical to pi 85 and is missing 
the transmembrane domain and cytoplasmic domain. If fully glycosylated, the expected size is 
10 65-70 kDa. This polypeptide product is referred to as p68HER-2. Thus, the product will be a 
truncated secreted protein which is missing the transmembrane domain and cytoplasmic 
domain found in pi 85 HER-2. 

Figure 2 shows the detection of alternative HER-2 transcripts containing the ECDIIla 
sequence by Northern blot analysis. PolyA+ mRNA (2.5 ug) from different human fetal 
15 tissues (Ctontech) or isolated from HEK-293 cells was resolved in a formalin agarose gel and 
transferred to a BrightStar® membrane (Amnion) in lOxSSC. The membrane was hybridized 
with a n P-labeled antisense UNA probe complimentary to the ECDHI sequence, stripped and 
leprobed with a "P-labded cDNA probe specific for the 5' HER-2 exon sequence. The 
membranes were washed under high stringency conditions and analysed by phosphorimaging 
20 (Molecular Dynamics). 

Figure 3 shows a sequence-specific reactivity of anti-ECDIBa with a protein of ~ 68 
kDa in a human embryonic kidney cell line (HEK293). Cell extract protein (20 ug) and 20 pi 
of media conditioned by HEK-293 cells were Western blotted and probed with anti-ECDnia 
diluted 1:10,000 (lanes I and 2) or with and- ECDIIa diluted 1:10.000 containing 50 ug/ml 
25 purified His-taggedECDlIIa peptide (lanes 3, 4). 

figure 4 shows the expression of P 185HER-2. relative to p68ECDIIIa expression, is 
markedly elevated in carcinoma all Ones m which the HER-2 gene is amplified. Cell extracts 
(1 S ug of protein) from human embryonic kidney cell line (HEK293). nonrumorigenic ovanan 
surface epithelial cell line (IOSEVAN). ovarian carcinoma cell line with HER-2 gene 
30 amplification (SKOV-3), itonmmorigcnic breast epithelial cell line (HBL100), and breast 
carcinoma cell lines with HER-2 gene amplification (BT474 and SKBR-3). were resolved by 
SDS-PAGE in 7.5% acrylamide gels and analyzed as a Western blot. The Western blot was 
probed with both antibodies specific for p68HER-2 (anti-ECDIHa) and for pl85HER-2 (arm- 
neu(C)). 

35 Figure 5 shows that p68ECDIIla binds to pl85HER-2. In panel A: Two mg of SKBR-3 

cells extracted in nondenaiuring buffer were immunoprccipitaied with 5ul anti-neu(N) specific 
for the N-teraiinal sequence of p68HER-2 and pi 85HER-2, or with 5 ul anu-neu(C) specific 
for the C-terminus of pl85HER-2 and then probed as a Western blot with both anti-ECDUIa 
specific for P68HER-2 and with anti-neu(C) specific forplSSHER-2. In panel B: lOOugof 
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17-3-1 cell extra* were incubated in duplicate with 50 ui picked volume of NiWTA 
agarose (Qiagen) coupled to 20 ug of His-tagged ECDDIa or to 20 ug His-tagged CREB 
fragment in 200 ul of wash buffer (2QmM Trie pH 8.0, 300mM N«CI) at room temperature 
for 1 hr with «h»M«g The rain wis then washed 4 timet with 500 ul of wash buffer and 
5 proteins wen elated by mcubaticn with SO ul SDS-umple buffer at t(XT C for 2 min. 
Eluted proteins were analyzed by Western blot analysts using antibodies against the C- 
texmtnus 

ofpl85HER-2 p tnti-ceu(C). In panel C: Monolayers of -1 0 s 3T3 cells or HER-2 
transacted 17-3*1 cells in 12 well plates were washed twice with PBS and then incubated 
with 0-5 ml of serum-fiee media with 1% BSA and 39. 75, 150, and 300 nM of purified 
10 recombinant His-tagged BCD Ilia for 2 hrs at 4 °C. Cells were washed 1 time in PBS 
containing 1% BSA and twice in PBS and then were extracted in denaturing buffa. Equal 
aliquot* (20 ug protein) were analyzed by western blotting with antibodies specific for 
ECDIIIa (anti-ECDIUa) or, in the upper panel, with antibodies specific for pl85HER-2 
(anti-neu(C)). 

15 Figure 6 shows that neither ptift-xieh conditioned media nor the BCDHIa peptide 

stimulate tyrosine phosphorylation of pl65HER-2. Monolayer cultures of -10 5 HER-2 
transfected 17-3-1 cells were washed twice with PBS, incubated in serum-fire media at 
37 ^ hw 24 his, aiid then treated fbT 10 m 

with 50X CM fiom HEK-Z» cells oat secrete high levels of p68 or SOX CM from SKOV- 
20 3 cells that have no detectible p6SHER-2. The treated cells were extracted with denaturing 
buffer containing the phosphotyroaine phosphatase inhibitor vanadate (2 mM) and 20 
UsVml of cell extract protein fiom each sample were analyzed by Western blot analysis 
with monoclonal antibodies against phoapho tyrosine (Sigma). The blot was stripped by 
incubation at 55° C for 30 min in 62.5 mM Tris pH 6.7, 2% SDS, and 100 mM 2 - 
25 mercaptoethanol and then nprobed with ann*-neu(C) specific for pl85HER-2. 

Figure 7 shows that p68HER-2 inhibited anchorage independent growth of 
tumcrigonic cells. SKOV-3 ovarian camdnoma cells and HER-2 transfected 17-3-1 cells 
were suspended in media with 10% fetal bovine serum containing 0.3% agar (control 
conditions) to which was added 50X concentrated media, conditioned by SKOV-3 cells 
30 (which contains no detectable p68HER-2 (-p6B CM)), or 50X concentrated media 
conditioned by HEK-293 cells (which contains 20 nM p68HER-2 (^68CM)). Five times 
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10 s cells were pitted in triplicate for each expexsDcaiMl condition onto a 0.5 ml layer of 
media containing 0.5% agarose in 12 well plates. The result* shown ate plotted as the 
mean and standard deviation of the wimbff of colonies^ 

wells counted at 21 days of incubation. Similar results were observed in three separate 



Figaro 8 shows the nucleotide sod deduced annno add sequence of HER-2 Intioa 
8. Human genomic DNA was subjected to FCRusiiigpiimere rcR 
parameters were 30 cycles of W ^ for 

1 cyclcof72'Cfor7inin. A 410 bp product was gel purified and sequence in the forward 
10 and reverse directions. The sequence shown is the most common sequence found within 
intron 8 
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from about 1 5 different individuals. The positions of sequence variation that would result in 
amino acid substitutions are marked by Xs. 
Detailed Description of the Invention 

The present invention is based upon the initial discovery of an alternative HER-2 
5 mRNA of 4.8 kb with a 274 bp insert identified as intron 8. The retained intron is in-frame and 
encodes 79 amino acids [SEQ ID NO. 1] followed by a stop codon at nucleotide 236. The 
alternative mRNA predicts a truncated HER-2 protein that lacks the transmembrane and 
intracellular domains and contains 419 amino acids [SEQ ID NO. 2]; 340 residues that are 
identical to the N-tenninus ofp!85HER-2 and 79 unique residues at the C-tcrminus [SEQ ID 

10 NO. 1 ]. Using specific antibodies against either the novel 79 amino acid residue C-tcrminal 
sequence [SEQ ID NO. 1 ] or the N-terminus of p i 85HER*2, a 68 kDa protein product was 
identified [SEQ ID N0.2]. This 68 kDa protein is the product of an alternative HER-2 
transcript, and is found in cell extracts and in extracellular media from several cell lines. 
Expression of the alternative transcript was highest in a nontransfected human embryonic 

15 kidney cell line. 

The results presented here show expression of alternative HER-2 mRNA, which 
contains an additional 274 nucleotides, probably intron 8. Consistent with this finding, an 
alternative transcript of- 4.8 kb was detected in human fetal kidney tissue and in the human 
embryonic kidney cell line, HEK 293. Moreover, a transcript of 2.6 kb, which is the size 

20 expected if the sequence is retained in the 2J kb truncated HER-2 mRNA (Yamamoto et aL, 
Nature 319:230-234, 1986; and Scott et al, Moi. Cell. Biol. 13:2247-2257, 1993), was detected 
in human fetal liver tissue by Northern blot analysis using a probe specific for the inserted 
sequence or for the HER-2 ECD coding sequence (Figure 2). The inserted sequence introduces 
a termination codon and predicts a novel 79 amino acid extension designated ECD ITJa at 

25 residue 340 ofthepi85HER-2 protein. The predicted protein therefore lacks the 

transmembrane and intracellular domains, but contains sub domains I and II of the extracellular 
domain of pi 85HER-2. As predicted, a secreted protein which contams N-termM sequence 
of pl85HER-2 and the C-terminal extension provided by the inclusion of the novel sequence 
was detected (Figures 3 and 5). The ECDIIIa protein was found to be 68 kDa which is the 

30 approximate size expected of the protein encoded by the alternative transcript if the five N- 
linked glycosylauon sites found in subdomains I and II of pl85HER-2 are glycosylated (Stem 
et at, Mai. Cell Biol. 6:1729-1740, 1986). 

The data presented herein demonstrate that p68HER-2 specifically binds to p 1 85HER- 
2. The association with p 1 85HER-2 may be conferred by the novel proline rich ECDIIIa 

35 domain rather than the N-terminal subdomains I and II ofp68HER-2. While the HER-2 ECD, 
generated by in \itro deletion mutagenesis, also contains subdomains I and II, it does not 
associate with the extracellular domain of pl85HER-2 unless engineered to enhance their 
proximity (Tzahar et al„ EMBOJ. 16:4938-4950, 1997; O'Rourke et al., Proc. Nad. Acad. Set 
USA 94:3250-3255, 1997; and Fitzpatrick et al. f FEBS Letters 431:1 02-106\ 1998). However, 
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the unique ECDIIIa peptide binds with high affinity (nM concentrations) to pl85HER-2 and to 
transfectcd 17-3-1 cells thai ovcrcxpress pl85HER-2 (Figure 5). Preferential binding of the 
ECDHIa domain peptide to ) 7-3-1 cells indicates that secreted p68HER-2 interacts with the 
extracellular region of pi 85HER-2 at the cell surface. Therefore, p68H£R-2 and fragments 
5 thereof appear to be a naturally occurring HER-2 binding protein, encoded by the HER-2 gene. 
In contrast to EGFR family ligands (Groenen et al.. Growth Factors 1 1 : 235-257, 1994), 
p68HHR-2 lacks an EGF homology domain and contains the first 340 amino acids of the 
receptor itself, p 1 8SHER. 

Previously described putative HER-2 ligands were found to associate indirectly with 
10 pl85HER-2 only in a hetcrodimer with an fc*GFR family member (Hcldin and Ostraan, 
Cytokine Growth Factor Rev. 7:33-40, 1996). Although it is possible that ECDIIIa binds 
indirectly to p!85HER-2 through a coreceptor, this seems unlikely since detergent solubilized 
pl85HER-2 was specifically and efficiently "pulled down" by immobilized ECDIIIa peptide 
(Figure 5B). 

] s For all naturally occurring or engineered ligands for mammalian EGFR family 

members, binding is tightly coupled to stimulation of receptor dimertzation and tyrosine 
phosphorylation (Hynes and Stem, Biochinu et Biopkys. Acta 1198:165-184, 1994; Dougallct 
al. Oncogene 9:2109-2123, 1994; and Groenen et aL, Growth Factors 1 1535-257, 1994). 
Although they bind, neither p68HER-2 nor the ECDIIIa peptide was found to activate 

20 pl85HER-2. Activation was assessed in two different cell lines that differ in the c&lciU of 
pi 85HER-2 tyrosine phosphorylation, transfected 17-3-1 cells as well as SKOV-3 ovarian 
carcinoma cells. Furthermore in vitro self-phosphorytation activity, which is enhanced in 
diraeric forms of pl85HER-2 (Dougall et aL, Oncogene 9:2109-2123, 1994; and Un et ah, / 
Cell Biochenu 49, 290-295, 1992), was not stimulated by p68HER-2 or ECDIHa. Similarly, 

25 the Argos protein, which is an extracellular inhibitor of the Drosophila EGF receptor and the 
only known antagonist of class I RTKs, did not simulate tyrosine phosphorylation of the 
receptor (Schweitzer et al., Nature 376:699-702. 1995). Likewise, Angiopoietin-2, a natural 
antagonist for the Tie 2 RTK, bound the endothelial receptor but failed to activate it 
(Maisonpierre et aL, Science 277:55-60, 1997). 

30 Without being bound by theory, since p68HER-2 occupies but docs not activate, it 

could block dimerizauon of pi 85HR-2. By analogy, HER-2 ECD, when engineered to 
enhance its binding to RTKs, prevented the formation of productive dimes required for 
transphosphory I arion and receptor activation thereby having a dominant negative cfTeci 
(O'Rourke et aL. Proc Natl. Acad. Set USA 94:3250-3255, 1 997). In contrast to the HER-2 

35 ECD, soluble p68HER-2 exhibited strong binding to p 1 85HER-2, yet also contains subdomain 
I and n of the ECD. Since subdomain 1 may be the low affinity, promiscuous tigand binding 
site required for recruitment of pi 85HER-2 into heteromeric complexes (Tzahar el al., EMBO 
/ 16:4938-4950, 1997), p68HER-2 could block this site and thereby obstruct recruitment of 
pl85HER-2mto corners, Ahcmatively, p68HER-2 could compete with an uncharacterized 

8 
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hgand for H n ^^ g to pl85HER-2. The tisiuc^pccific expression of p68HER-2 in human 
fetal liver snd kidney may function to modulate ihc extent to Which plB5HER-2 is 
occupied during development of these organs. Moreover, the overexpresuon of pl$5HER- 
2, relative to p68HER-2 in tumor cell* with HER-2 gene amplification (Figure 3X could 
5 occur though a selective pressure bated on overtiming the effect* oft binding protein 
such as p68HER-2. Therefore, p68HER-2 h the first example of a naturally occuning 
pl85HER-2 binding protein mat may prevent activation of pl85HER-2. 

the present invention &xther provides a pharmaceutical araipoauon for treating 

10 solid tumors that overexpress HER-2, comprising an agent selected from the group 
consisting of (a) an Isolated polypeptide having ftom about 50 to 79 amino acids taken 
fiomtbe sequence of SEQ ID NO. t, wherein the polypeptide binds to the extracellular 
domain ECD of HER-2 at an affinity binding constant of at least 10* M" 1 , (b) an isolated 
and glycosylated polypeptide having from about 300 to 419 amino acids taken from the 

15 sequence of SEQ ID NO. 2, wherein the C terminal 79 amino acids are present, and 
wherein at least three N-nnked glycosylarion sites are present, (c) a monoclonal antibody 
that binds to the ECD of HER-2, and (d) combinations thereof, with me proviso that the 
agent cannot be the monoclonal antibody alone, and pb«xa*ceuucally acceptable carrier. 
Preferably, the agent is the isolated polypeptide having ftom about 50 to 79 ammo acids 

20 taken fiura the sequence of SEQ ID NO. 1. Most preferably, the agent is a combination of 
the isolated polypeptide having ftom about 50 to 79 amino adds taken from the sequence 
of SEQ ID NO. 1 and the monoclonal antibody that binds to the ECD of HER-2. 

The inventive pharmaceutical composition, comprising either or both of the 
inventive polypeptides and/or monoclonal antibody, can be administered to a patient either 

25 by itself (complex or combination) or in phaztnaceutical compositions where it is mixed 
with suitable carriers and excipients. Inventive polypeptide can be administered 
pajenterally, such as by intravenous injection or infusion, intraperitoneal injection, 
subcutaneous injection, or mtramusculsr injection- Inventive polypeptide can be 
adinimstered orally or rectally through appropriate fcrmulation with carriers and excipients 

30 to form tablets, pills, capsules, liquids, gels, syrups, slurries, suspensions and the like. 
Inventive polypeptide can be administered topicalry, such as by skin patch, to achieve 
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consistent systemic levels of active agent. Inventive polypeptide is formulated into topical 
crams, skin or mucosal patch, b'qaidi or gels suitable to topical application to skin or 
mucosal membrane suites. Inventive polypeptide can be administered by inhaler to the 
respiratory tract for local ox systemic treatment of cancers cha ra cte ri ze d by ovorexpressing 
5 HER-2. 

The dosage of inventive polypeptide suitable for use with the present invention can 
be detenmned by those skilled m the art torn (his disclosure. Inventive polypeptide will 
contain an effective dosage (depending upon the route of acMnlstrarion and 
r hnrmn^ttr^ of the active agent) of inventive polypeptide and suitable pharmawameal 

10 camera and excipients, which are suitable for the particular route of adnumstretion of me 
fonnulation (/.«., oral, parenteral, topical or by inhalation). The active inventive 
polypeptide is mixed into the pharmaceutical iomulation by means of mixing, m^orving, 
granulating, dragce-niating, eanlwrVmg, encapsulating, entrapping ox lyophilizing 
processes. The pliarni&ceuacal fbrmulBhons for parenteral administration include aqueous 

15 solutions of the inventive polypeptide in water-soluble to. AdcUnonally, susfiensicm* of 
the inventive polypeptide may be prepared as oily injection suspensions. Suitable 
lipophilic solvents or vehicles include tatty 00s such as sesame oil, or synthetic mtty acid 
esters, such as ethyl oleaia or triglycerides, or liposomes. Aqueous injection suspensions 
may contain substances which increase the viscosity of the suspension, such as sodium 

20 carboxymethyl cellulose, sorbitol, or dextran The suspension may opucnally contain 
stabilisers or agents to increase the solubility of the complex or combination to allow for 
more concentrated solutions, 

. Pbarraaceutical formulations for oral ad^stratkm can be obtained by combining 
the active compound with solid excipients, such as sugars . lactose, sucrose, mannitol 

25 or sorbitol), cellulose preparations (e.g., starch, methyl cellulose, hydxoxypropylmethyl 
cellulose, and sodium carboxymefoyl cellulose), gelaten, gums, or polyvinylpyrrolidone. 
In addition, a desimegradng agent may be added, and a stabilizer may be added. 
rYTrMfffi f ft T Svnftcslnn fi p68 md 79 aq ft T^ 1 ™'"* 1 Redon 

Polypeptide synthesis is done by a group of standard procedures for polypeptide 

30 synthesis by sequential amino acids building through peptide synthesis equipment, 
following manufacturer's instructions for synthesizing peptide*. Prafarabry, shorter 
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polypeptides, of let* than 100 amino acids, are best suited for the method of synthesis 
through sequential amino acid building of polypeptides. In addition, heterologous 
polypeptides can be expressed by transformed cells using standard lecombmant DNA 
techniques to transform cither proknyotlc or eukaryotic cells, provide appropriate growth 
media for their expression, and men purify the inventive polypeptide either from the media 
or ftom mtracettuler contents depending upon the type of cell used and its expression 
chsracterastxes. 

juHTC fr for Treating Cancer w it h c6S . 79 as C Term i n a l Rff gj ofl . ffl4 CwrtiwtiftPi 

The present mvcntioa provides a method for treating a solid nmiOT characterized by 
overexpression of HER-2, ox HER-2 variants (we Example 8) cocrprising administering an 
agent mat binds to the extracotlular dotrjain (ECD) of HER-2, wherein the agent is selected 
from the group consisting of (a) an isolated polypeptide having from about 50 to 79 amino 
adds taken ftom the semience of SEQ ID NO. 1, wherein the polypeptide binds to the 
extracellular domain ECD of HER-2 at an affinity binning constant of at least 10 1 M"\ (b) 
an isolated and glycosylated polypeptide having ftom about 300 to 4 1 9 amino acids taken 
from the sequence of SEQ ID NO. 2, wherein the C terminal 79 amino adds are present, 
and wherein at least three N-lmked glycosytation sites are present, (c) a inanoclonal 
antibody that binds to the ECD of HER-2, and (d) combinations thereof; with the proviso 
that the agent carmot be the monoclonal antibody alone. Preferably, the solid tumor that 
overeapcesses HER-2 is selected ftom the group ccOTSting of breast cancer, small cell 
tag carcinoma, ovarian cancer, prostate cancer, gastric carcinoma, cervical cancer, 
esophageal carcinoma, and colon cancer. Preferably, the agent is the isolated pcrfypeptide 
having fiom about 50 to 79 axnino ackis takra *• Most 

preferably, the agent is a combination of the isolated polypeptide having ftom about 50 m 
25 79 amir* am* taken ftom 
that binds to the ECD of HER-2. 

The p68HER~2 polypeptide described herein was found to bind to HER-2 and 
prevent signal trtiisducuon throutfi the kinase domain. Without being bound by theory, 
the unique BO>n& domain mediates specific binding to pl85HBR-2 and the renting 
30 irrferaction with p68ECDma prevents pt85HER-2 dimerization and subsequent signal 
traduction. Therefore, p68HER*2 lunctions as a HER-2 antagonist to prevent signal 



20 
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transduction by preventing dimerizatioa as a necessary prerequisite for signal transduction. 
Thus, the mecluunsm of p68HER-2 as a HER-2 antagonist is different from the mechanism 
of binding agents! such as the 79 amino acid polypeptide described herein or a monoclonal 
antibody thai binds to the BCD of HER-2. The inventive method provides that p68HER : 2 
5 inhibits tumor cell growth in tumors thai overexpress HER-2 by providing a selective 
pressure for such tumor cells. Similarly, the HER-2 antagonists that are binding agents 
also inhibit tumor cell growth in tumors that overexpress HER-2 by providing selective 
pressure to such cells to prevent ligand binding to the ECD of HER-2 and prevent signal 
transduction even before potential dixnerizfttion. 

10 Use of 79 aa C T»™W1 R**m « a Targeting Molecule 
Tteptesentmvemlonrnito 
solid tumor tissue, wherein the solid tumor tissue is characterized by crveroqiression of 
HER-2, comprising attaching the therapeutic agent to an isolated polypeptide having from 
about 50 to 79 amino acids taken from the sequence of SEQ ID NO. 1, wherein the 

15 polypeptide binds to the extracellular domain ECD of HER-2 at an affinity binding 
eonstsnl of at least 10 1 NT 1 . Preferably, the isolated polypeptide is from about 69 to 79 
amino acids in length. Preferably, the isolated polypeptide binds to a site on the ECD of 
HER-2 mat is different from the site of binding of Herccptui8> (» marketed humanized 
monoclonal antibody mat is used for the treatment of cancer and that binds to the ECD or 

20 HER-2). hw» discovenrfto 

surprising high affinity binding properties to the ECD of HER-2 Moreover, me site of 
sutfcbiwitiigis different and IU iaffecied by the ^ 

monoclooal antibody (Hcrccptbfc). Therefore, the high binding affinity enables the 79 
amino acid polypeptide to function as a targeting molecule to tumor cells expressing HER- 
25 2. 

frrfrpisa fptihodv as * r^gro^c/Promortic Agent 

The p68HER-2 glycosylated polypeptide wis expressed and used as an antigen for 
antibody production. Specifically, antibody specific for p68HER-2 was pr*?*** by 
peering rabbits with purified polyhistldine-taggnd ECDIQa peptide, which is the same as 
30 the intnm encoded novel C-ternxmus or p$8HER-2, the domain thtf binds with higb 
affinity to p!85HER- 
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2. The isolated polyclonal antibody detected pM quantities of ECDIIU peptide or of p68HER- 
2 with high specificity (see Figures 3 and 5). Thus, an antibody specific for p68HER-2 is 
useful as a diagnostic agent for detecting p68HER-2 in bodily fluids and tumor tissues using 
diagnostic techniques, such as ELISA, immunoprccipitations, iminunohistochemistry or 
5 Western analysis. 

Accordingly, the present invention further provides a method for determining the 
prognosis of tumor treatment for a tumor that overexpresses HER-2, comprising: (a) obtaining 
a bodily fluid, wherein the bodily fluid is selected from the group consisting of blood, serum, 
urine, lymph, saliva, tumor tissue, and combinations thereof; and (b) measuring the amount of 

10 p68HER-2 expressed using an anti-p68HER-2 antibody-based assay, wherein the assay is 
selected from the group consisting of ELISA, immunoprecipitation, 
immuaohistocyto chcmi srry , and Western analysis. Preferably, the method for determining the 
prognosis of tumor treatment further comprises measuring the amount of p I85HER-2 BCD in 
the bodily fluid, and determining a ratio between the amount of p68HER-2 and pl85HER-2. 

15 The higher the ratio of p68HER-2:pl 85HER-2, the better the treatment prognosis. 
ECDHIa reginn Variants as DiagnnsHc/Prn piratic Agents 

Example 1 1 shows that the human sequence of intron 8 is polymorphic. Sequencing of 
genomic DNA from fifteen different individuals resulted in the identification of 10 variable 
sequence regions within Her-2 Intrcm 8. See SEQ ED NO: 1 0; Figure 8, and Table 1 . SEQID 

20 NO:10 and Figure 8 show the most common nucleotide sequence of intron 8 with 1 0 different 
polymorphisms (marked by an X) mat would result in nonconservative amino acid 
substitutions. For example, the polymorphism at residue #54 (G -» C) would result in a 
substitution of Arginine (R) for Proline (P). The N-terminal Glycine (G), designated as 
position 1 in this figure, corresponds to amino acid residue 341 in the herstaun sequence 

25 (Doherty et al., Proa NatL Acad. Sci. USA 96:10,869-10,874* 1999). The nucleotide sequence 
shown in Figure 1(A) (Doherty et al., Proc. NatL Acad. Sci. USA 96:10,869-10,874, 1999), is a 
polymorphic form that differs at amino acid residues #6 and #73 from the most commonly 
detected sequence shown here in Figure 8 . 

This result demonstrates that in the human population there are several variations in the 

30 imroD-8 encoded domain that could lead to altered biochemical and biological properties 
among herstatin protein variants. An individual may, inter alia, be genetically heterozygous 
for two variants, homozygous for a given variant, or homozygous for a double variant Both 
tumor progression and optimal treatment may vary depending upon the particular variants 
represented m a given individual. 

35 Accordingly, the present invention further provides a method for determining the 

prognosis of tumor treatment for a tumor that overexpresses HER-2 variants, comprising: (a) 
obtaining a bodily fluid, wherein the bodily fluid is selected from the group consisting of 
blood, serum, urine, lymph, saliva, tumor tissue, and combinations thereof; and (b) measuring 
the amount ofp68HER-2 variant expressed using an anti-p68HER-2 variant antibody-based 

12 
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assay, wherein the assay is selected from the group consisting of ELISA, immimoprecipitation, 
immunohistocytochemistry, and Western analysis. Preferably, the method for determining the 
prognosis of tumor treatment further comprises measuring the amount of pl85HER-2 ECD in 
the bodily fluid, and determining a ratio between the amount of p68HER-2 and pi 85HER-2. 
5 The higher the ratio of p68HER-2:p 1 85HER-2, the better the treatment prognosis. Preferably, 
the method for determining the prognosis of tumor treatment further comprises determining 
which particular HER-2 variants are present and optimizing tumor treatment in view of any 
altered biochemical and biological properties among herstatin protein variants. 
P68HER-2 as a Therapeutic Agent 

10 Without being bound by theory, but it appears that p68HER-2 or ECDIOa peptide 

inhibits the growth of tumor cells that overexpress HER-2 by binding to pi 85HER-2 at the 
cells surface, this hypothesis was examined by testing anchorage independent growth of cells 
in the presence or absence of p68HER-2 using cells that depend on p!85HER-2 overexpression 
for their malignant growth, yet have little or no detectable p68HER-2. Anchorage independent 

15 growth of cells in soft agar was used as a predictive model for tumor cytotoxicity. This is a 
common and predictive procedure to examine transforming activity and reflects the 
tumorigenic and oncogenic potential of cells (DiFore et aL, Science 237:178-182, 1987; 
Huaziak et aL, Proc Natl Acad. Sri USA 84:71 59-7163, 1987; and Baasner et aL, Oncogene 
13:901-911,1996). 

20 The effects of p68HER-2 on anchorage independent growth in soft agar was determined 

using SKOV-3 carcinoma cells and HER-2 transfected 17*3-1 cells, which are both 
tumorigenic and overexpress pl85HER-2. The cells were suspended in media supplemented 
with fetal calf serum in the presence or absence of p68HER-2 and incubated for 21 days in a 
humidified incubator. Anchorage independent growth was quantitated by counting the number 

25 of colonies that contained more than 50 cells. Figure 7 shows that in the presence of p68HER- 
2, anchorage independent growth of both SKOV-3 cells and 17-3-1 cells was inhibited several 
fold. Accordingly, these data show that p68HER-2 is not just cytostatic, but cytotoxic and 
possibly apoptotic. 

Example 1 

30 This example provides the results from an experiment to investigate HER-2 mRNA 

diversity within the extracellular domain (BCD) coding sequence using polymerase chain 
reaction (PCR). A cDNA library from SKOV-3 cells (American Type Culture Collection 
(Rockville, MD) maintained in DMEM, supplemented with 10% fetal bovine serum and 0.05% 
gentamycin), an ovarian carcinoma cell line in which the HER-2 gene is amplified eight times 

35 (Tyson et al., Am. J. Obstet. Gynecol. 1 65:640-646, 1991) was examined using a forward 
primer specific for exon 1 (Tal et al., Mot. Cell Biol 7, 2597-2601, 1987) identical to 
nucleotides 142-161 and a reverse primer complementary to nucleotides 1265-1286 in exon 9 
(Scott et aL, Mol Cell Biol 13:2247-2257, 1993). Briefly, The SKOV-3 cDNA horary was 
provided by Origene Technologies, Inc. (Rockville, MD), and was prepared from RNA 
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extracted from SKOV-3 cells. RNA was extracted from SKOV-3 cells grown to 80% 
confloence on 1 5 cm plates with TriReagent (Molecular Research Center, Inc., Cincinnati, 
OH), according to the manufacturer's protocol, to obtain total RNA. RNA was resuspended in 
lOmM Tris-EDTA, pH 8.0, for reverse transcription and cDNA library construction, or m RNA 
5 hybridization buffer (80% foimamide, 40mM PIPES, 4 mM NaCl, ImM EDTA, pH 7 J) for 
ribonuclease protection assay (RPA). RNA coricentrations were determined 
spectrophotontetricaily at O02M- A * mRNA was selected from total RNA using a mRNA 
extraction kit (Oligotex, Qiagen). 

A product of~l 420 bp, determined to be HER-2-specific by Southern blotting, was 

10 approximately 270 bp larger than the expected size of 1 144 bp from the previously described 
cDNA sequence (Coussens et al., Science 230:1 132-1 139, 1985). Briefly, the Southern 
blotting procedure transferred nucleic acids from agarose gels under vacuum (B to-Rad Model 
785 Vacuum Blotter) in 0.4 M NaOH to Gene Screen Plus Hybridization Transfer Membrane 
(NEN Research Products, Boston, MA). Nucleic acids were fixed to membranes by UV 

15 crosslinking in a UV-Stratalinker (Stratagene, Inc La Jolla, CA), and the membranes were 
blocked mhybrkiization buffer (5 Wo formamide, 5XSSC, 1%SDS, 10 rag/ml herring sperm 
DNA) at 42 °C for 2 h. The membranes were hybridized at 42 °C for 1 6 h in hybridization 
buffer with 10 7 cpm of a 220 bp Kpn-HincII fragment from ECDnia cDNA labelled with (a- 
B P)dCTP (NEN Life Sciences) using a Random Prime DNA Labelling Kit (Boehringcr 

20 Mannheim). 

Templates were amplified in a FerkinErmer GeneAmp PCR System 2400 (Perlrin 
Elmer Cetus, Emeryville, CA) using the Expand High Fidelity PCR System (Boerhinger 
Mannheim) with IX High Fidelity PCR buffer containing 2.5 mM MgCl* 5 uM of each 
primer, and 200 uMdNTPs. All primers were obtained from GIBCO BRL (Life 

25 Technologies). Numbering of nucleotide and amino acid residues is according to the HER-2 
cDNA sequence reported by Coussens et al. (Coussens et aU Science 230:1 132-1 139, 1985). 
The HER-2 extracellular domain was targeted for amplification from an SKOV-3 cDNA 
library (Origene Technologies, Inc.) using a forward primer (A) identical to nucleotides (nt) 
142-161 of HER-2 cDNA (5'-TC5AGCACCAICGAC5CTGGC-3' [SEQ ID NO 3]), which 

30 spans the initiation codon (underlined) and a reverse primer (B) (5*- 

TCCGGCAGAAATGCCAGGCTCC-3 * [SEQ ID NO 4]), which is complementary to HER-2 
exon sequence at nt 1265-1286. Cycling parameters were: 94 °C, 30 sec; 58 °C ( 45 sec; 68 "C, 
3 min, for 30 cycles. The region spanning the alternative sequence (denoted ECDIHa) from 
genomic DNA, was amplified using a forward primer (C) (?- 

35 AACACAGCGGTGTGAGAAGTGC-3* [SEQ rD NO 5]) identical to HER-2 exon-speciSc 
sequence at nt 1 131-1 152 and the reverse primer (B) [SEQ ID NO. 4] on DNA prepared as 
described (Bond et al., FEBS letters 367:61-66, 1995) with cycling parameters: 94 °C, 30 sec; 
62 °C, 30 sec; 72 °C. 60 sec, for 25 cycles. 
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Reverse transcriptase-polymerase chain reaction (RT-PCR) was used to investigate the 
structure of mRNA containing the ECDIIIa sequence. First strand cONA was reverse 
transcribed (Bond et ah, FEB S Letters 367:61-66, 1995) using 5 ng RNA primed with 0.5 us 
oligo^JT. To amplify the ECDIIIa insert and adjacent 5' HER-2 exon sequence, a forward 
primer (A) described above and a reverse primer (D) (5 ATACCGGGACAGGTCAACAGC- 
3' [SEQ ID NO 6]) which is complementary to the 3'ECDIIla-specific sequence were used 
Cycling parameters were: 94 °C, 30 sec; 60 °C, 40 sec; 68 °C f 2 min, for 30 cycles. 

Amplification of the ECDIIIa insert and adjacent 3' HER-2 exon-specific sequence was 
with a forward primer (E) (5'-TCTGGGTACCCACTCACTGC-3' [SEQ ID NO 7]) which is 
identical to the S'ECDIHa-specific sequence and contains aKpnl restriction site and a reverse 
primer (F) (5'-HCACACTGGCACCTCCAGACC-3' [SEQ ID NO 8]} which is 
complementary to HER-2 exon sequence at m 3898-3919 and spans the terrninalkm codon 
(underlined). Cycling parameters were; 94 °C, 30 sec; 60 °C, 40 sec; 68 *C 5 min, for 30 
cycles. 

The PCR product was subcloned and the nucleotide sequence was detettiined. 

The results showed that the normal HER-2 coding sequence was present beginning with 
the 5' primer sequence and continued uninterrupted through nucleotide 1 171. At this position, 
a 274 nucleotide insertion was found, followed by the expected coding sequence, including the 
3' primer sequence. Analysis of the predicted protein product showed that the 274 nucleotide 
insertion encodes an extension of the known HER-2 protein, beginning at residue 340 
(Coussens et aU Science 230:1 132- 11 39, 1985), and introduces an in-frame stop codon 79 
amino acids later (Figure 1 ). Comparison of the inserted nucleotides and their predicted amino 
acid sequence with sequences in Genbank showed no homologies. Examination of the 5 * and 
3' junctions of the divergent sequence revealed consensus splice donor and acceptor sites 
(Sharp, and Burge, Cell 91 :875-879, 1997) and include a pyrimidine tract and potential 
branchpoint adenine residues near the 3 'end of the insert sequence (Figure 1). Thus, the 
inserted sequence is likely to be an intron. 

Inspection of the predicted amino acid sequence of the novel 79 amino acids [SEQ ID 
NO. 1 ] encoded by the inserted sequence shows a consensus N-linked glycosylation site and a 
high proline content of 19% (Figure 1). The inserted sequence was designated ECDIIIa since it 
is located at the boundary between subdomains II and III in the extracellular domain of the 
pl85HER-2 sequence (Lax et al., Mol Ceil. Biol 8:1831-1834, 1988). The insert sequence is 
in-frame with the adjacent 5' HER-2 exon sequence for 236 nt where there is a termination 
codon. 

Example 2 

This example provides the results from experiments characterizing ECDIIIa as 
contiguous with HER-2 exons in the genome. To investigate the HER-2 gene structure in the 
region of the ECDIIIa sequence, a forward primer, identical to nucleotides 763-785, and a 
reverse primer, complementary to nucleotides 1265-1286 of the HER-2 cDNA, were used in 
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the PCR on human genomic DNA. The amplification product was anticipated to span exon 5 
(Tal et at., Moi. Cell. Bioi 7:2597-2601, 1 987) to an exon which is immediately 3* of the 
ECDQla sequence. Intron number and sizes were estimated based on PCR product sizes, 
restriction digest analysis, and partial sequence analysis of amplification products. 
5 Next, human genomic DNA was examined using HER-2 exon-specific primers that 

directly flank the insert to determine the sequences immediately flanking the ECDIIla 
sequence. A -430 bp product was amplified from normal human genomic DNA and from 
genomic DNA extracted from carcinoma cell lines SKOV-3, SKBR-3 and BT474, all of which 
have HER-2 gene amplification (Kraus et al., EMBO J. 6:605-610, 1987) and were found to 

10 express ECDHIa in their cDNA. The identities of the PCR products as HER-2 were verified by 
Southern blot analysis using the procedure described in Example 1 . Nucleotide sequence 
analysis showed that the PCR product from human genomic DNA contained the ECDQla 
insert, flanked immediately on both sides by known HER-2 coding sequence; no mutations or 
rearrangements were seen. These data show that the ECDIIla sequence represents a wholly 

IS retained intron, likely intron 8 based on the size of products amplified following intron 4 and 
on the location of intron 8 in the homologous EGFR gene and HER-3 gene (Lee and Maihle, 
Oncogene 163243-3252, 1998). 

Example 3 

This example shows that ECDIIla is the only retained intron within the coding 

20 sequence of HER-2 mRNA. To determine whether additional introns were retained in the 
mRNA containing the ECDIIla insert sequence, the reverse traiiscTiptase-poiymerase chain 
reaction (RT-PCR) was employed. First, a forward primer identical to 5* HER-2 cDNA 
sequence at 142-161 which spans the initiation codon, and a reverse primer complementary to 
the 3 • ECDHIa sequence were employed with SKBR-3 and SKOV-3 cDNA. A product of 1 .3 

25 kb was amplified, which is the size expected if the product contained no introns other than 
intron 8. Amplification of the 3* HER-2 coding sequence was then performed using a forward 
primer identical to 5* ECDIIla sequence and a reverse primer complementary to 3*HER-2 
cDNA sequence at nucleotides 3898-3919, which spans the pl85HER-2 termination codoa A 
product of 2.9 kb was amplified, which is the size expected from the HER-2 cDNA if no 

30 additional introns were retained. 

Further characterizations of both the 5*(1 3 kb) and 3*{2.9 kb) amplification products by 
restriction digest analysis and nucleotide sequencing confirmed the absence of additional 
retained introns. To determine the size of the products amplified when intron sequences are 
included, genomic DNA was used as a template for the PCR reactions, which resulted in 

35 products of approximately 1 0 kb for the 5 1 coding sequence and 5 kb for the 3* coding 

sequence. These results indicate that the alternative HER-2 transcript, resulting from retention 
of an intron of 274 bp, was expected to be about 4.8 kb in size, assuming that the 
5' untranslated (5*UTR) and 3*untranslatcd (3'UTR) regions are identical in size to the 
previously described -4.5 kb HER-2 cDNA (Coussens et al., Science 230: 1 132-1 139, 1985). 
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Example 4 

This example illustrates the expression of a protein containing an ECDIIla sequence. 
To assess whether the alternative sequence is translated into a protein product, the ECDIIla 
sequence was expressed as a polyhistidine-tagged peptide in bacteria, purified the peptide by 
5 nickel-affinity chromatography, and raised antisera against the purified peptide. Briefly, the 
bacterial expression vector was prepared by amplifying the ECDUla sequence from the SKOV- 
3 cDN A library using primer £ and a reverse primer complementary to the 3 1 end of the 
ECDIIla insert sequence. The reverse primer contained a BamWX restriction site sequence, and 
was identical to that used for template construction in the RPA (described in examples l and 2). 
10 The PCR amplification product of -280 bp was digested with Kpn 1 and BamHX , gel purified 
(Qiacx II, Qiagen, Chatsworth, CA), and cloned into the pET30a vector, which encodes a six 
histidine tag at the amino-terminus of the expressed protein (Novagen, Madison, WI). The 
resulting expression vector, pET-ECDHIa, was used fcrtransfbrmatkm of bacteria) strain 
BL21. 

15 To express the ECDIIla protein product, BL21 cells transformed with the pET-ECDMa 

expression vector were grown in. LB broth with 30 ug/rol Kanamycin for 4 h at 37 °C. 
Expression was induced with 0. 1 mM EPTG for 3 h and the harvested cells were lysed by 
sontcation, and then centrifuged at 39,000 x g for 20 min. The supernatant was absorbed onto 
Ni-NTA agarose (Qiagen), by shaking for 60 min at room temperature. The resin was washed 

20 with ten volumes of wash buffer (10 mM Tris pH 7.9 and 300 mM NaCl), followed by ten 
volumes of wash buffer with 50 mM imidazole. The his- tagged ECDIIla protein was eluted in 
wash buffer with 250 mM imidazole. The his-tagged protein, which was estimated to be 
approximately 90% pure by Coomassie Blue staining of gels; was used to generate and 
characterize antibodies. 

25 Briefly, anti-ECDIIIa antisera were produced by Cocalico Biologicals, Inc. 

(Reamstown, PA) by injection of two rabbits with purified polyhistidine-tagged ECDIIla 
peptide (described below). Polyclonal anti-iteu (N) was produced against a peptide identical to 
amino acid residues 151-165 of pI85HER-2 (Lin and Clinton, Oncogene 6:639-643, 1991). 
Polyclonal anti-new (C) was made against a peptide identical to the last 15 residues of the 

30 carboxy-teimimisofpl85HER-2 (LinctaI.,^a/.Ce//. £w/ocriw. 69:111-1 19, 1990). Antisera 
from two immunized rabbits were characterized and found to contain antibodies of high titer 
that reacted with the purified ECDIIla peptide. 

A Western blot analysis examined whether SKBR-3 cells, which expressed the 
alternative sequence in its cDNA, produced a protein that reacts with anti-ECDIIIa antibody. 

35 A 68 kDa protein from the cell extract and from the extracellular media reacted with anti- 
ECDIIIa antibody from two different rabbits diluted at least 20.000 fold, but not with 
preimmune sera. Inspection of the cDNA sequence of the alternative transcript (Figure 1 ) 
predicted a secreted protein product of 65-70 kDa if all 5 consensus N-!inked glycosylation 
sites in the N-terrainal pi 85HER-2 sequence were glycosylated (Stem et al., MoL Cell Biol 
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6:1729-1740, 1986). 

If the 68 IcDa ECDIlla protein [SEQ ID NO. 2] is the translation product of the 
alternative HER-2 mRNA t then its N-terminal residues should be identical to the N-termina) 
340 residues of pI85HER-2. Therefore, cell extract from SKBR-3 ceils was 
5 immunoprecipitated with anti -peptide antibody against an N-terminal sequence of HER-2, anti- 
neu (N) (Lin and Clinton, Oncogene 6:639-643, 1991) or with anti-ECDIIIa, and the immune 
complexes were examined by Western blot analysis with both antibodies. Briefly, three to 5 ul 
of antisera were added to 2 mg of protein from cell lysates prepared in M-RIPA buffer (1% 
Nonidei P-40, 50 mM Tris pH 7.4, 0.1% sodium deoxycholate, 150 mM NaCl, 1 mMPMSF, 

10 \% aprotinin), which had been centrifuged to remove nuclei. Immunoprecipitation was for 2 h 
with shaking at 4 °C as described (Lin et al, MoLCelL Endocrin. 69:111-119, 1990)* The 
immune complexes were bound to Protein G Sepharose (Pharmacia) by incubation for 1 h at 4 
°C with shaking, collected by centrifugation, and washed four times with M-RIPA. The 
proteins were released from the immune complex by incubation at 95° C for 2 mm in SDS- 

1 5 PAGE sample buffer and resolved by SDS-PAGE in 7.5% gels (Mini-Protean II 
electrophoresis cell, Bio-Rad). 

Western blotting was conducted following SDS-PAGE Proteins were electroblotted 
onto nitrocellulose (Trans-blot, BioRad) using a semi-dry transfer unit (Bio-Rad) al 1 5 V for 
20 rain per gel (0.75 mm thick) equilibrated with 25 mM Tris pH 8.3, 192 mM glycine, 50 mM 

20 NaCl, and 20% methanol. The membranes were blocked with 5% non&t dry milk at 25 *C for 
one hour. The blots were then incubated with primary antibody, washed twice for 1 5 min, and 
four times for 5 rain With TBS-Tween (Tris-burTered saline containing 0.05% Tween), and then 
incubated for 40 min with goat anti-rabbit secondary antibody, conjugated to horseradish 
peroxidase (Bio-Rad), diluted 1:10, 000 in TBS-Tween. Ate incubation with secondary 

25 antibody, the membranes were washed as described above and reacted with chemi luminescent 
reagent (Pierce) and then were exposed to Kodak X-OMAT BLU film. 

As expected, p68HER-2 was detected when anti-ECDIHa was used for 
irnrnunopreciphation and for Western blot analysis. When anti-ECDIHa was used for 
immunoprecipitation and anti-neu (N) was the probe in the Western blot, a 68kDa protein was 

30 detected, indicating that p68ECDIIla contained the N-terminal sequence of pl85H£R-2. 
Further, anti-neu (N) precipitated p68HER-2, which was detected by probing with anti- 
ECDIIla antibody. These results demonstrate that p68HER-2 contains both ECDIlla and the 
N-terminal sequence of HER-2. 

Several other cell lines were examined for expression of p68ECDIIIa. The carcinoma 

35 cell lines which contained ECDIlla sequence in their cDNA (BT474, SKOV-3) also had 
p68HER-2. Of several cell lines examined, HEK293 celts, derived from normal human 
embryonic kidney cells, expressed the highest levels of p68ECDIIIa in the cell extract and in 
the extracellular media, at about 5 to 10- fold higher amounts than SKBR-3 cells. In 
comparison to the carcinoma cell lines examined (SKBR-3, SKOV-3, and BT474) which 
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overexpresspl85HER-2, the HEK293 cells contained about 20 fold lower amounts of 
pl85HER-2. Therefore, the relative proportion of p68H£R-2 to pl85HER-2 was at least 100 
fold greater in HEK293 cells than in the three carcinoma cell lines studied. Reactivity with 
p68HER-2 as well as with a protein of~l 20 kDa, particularly apparent in the HEK293 extracts, 
5 was blocked by preincubation of the antisera with purified ECDIIIa peptide demonstrating 
sequence-specific reactivity. The larger protein may be a dimer of p68HER-2. Therefore, 
p68HER-2 was expressed and secreted from several carcinoma cell lines and is at 5-10 fold 
elevated levels in HEK293. 

Examples 

10 This example illustrates expression of an alternative HER-2 transcript containing the 

ECDIIIa intron sequence. Results of the RT-PCR analysis indicated that the ECDIHa sequence 
was inserted into an otherwise normal-sized HER-2 mRNA. These data suggest an alternative 
transcript of -4.8 kb. To examine the size and expression of the ECDIIIa alternative transcript. 
Northern blot analysis was conducted using an ECDIIIa-specific probe. Briefly, a template for 

15 antisense RN A probe synthesis was constructed from SKOV-3 cDNA by PCR amplification of 
a 389 bp sequence spanning the entire ECDIIIa insert sequence and containing adjacent 
5 'HER-2 exon sequence. The PCR was done using the forward primer C [SEQ ID NO. 5] that 
is identical to HER-2 cDNA sequence at nt 1131-1 152 and a reverse primer (5'- 
GCACGGATCCATAGCAGACTGAG GAGG-3' [SEQ ID NO. 9]) which contains a 3' 

20 BamH\ restriction endonuclease site and is complementary to the sequence spanning the 3 1 
splice site of the ECDIIIa sequence. The PCR product was then digested with AomHl, 
liberating a 375 bp fragment, which was cloned into pBluescript SK (Stratagene). The plasmid 
was sequenced by the Volluro Institute Core Sequencing Facility (Portland, OR) with ml3 
forward and reverse primers. An antisense RNA probe complimentary to the entire ECDIIIa 

25 sequence and to 87 nt of HER-2 exon sequence 5* to the insert was transcribed from 1 ug of 
linearized template using (a- 31 ?) CTP, T7 RNA polymerase, and the T7/SP6 Riboprobe 
Synthesis System (Promega, Madison, WI). This probe was expected to protect a 370 m 
fragment when hybridized with mRNA containing ECDIHa and adjacent HER-2 exon 
sequence, and to protect an 87 nt fragment when hybridized with fully spliced HER-2 mRNA. 

30 To prepare the RNA hybrids, 30 Hg of RNA were hybridized with approximately 

50,000 cpm of antisense RNA probe at 48 °C for 16 h. RNA hybrids were digested for30min 
at 37 °C with 40 ug/ml RNaseA (Boerhinger Mannheim) and 2 ug/ml RNase Tl (Life 
Technologies) in a solution of 250 mM NaCl, 5 mM EDTA, and 1 0 mM Tris pH 7.5. 
Proteinase K (100 ug) (Life Technologies) in 20 ul 10% SDS was added to stop the digestion. 

35 Samples were extracted with acid phenol (pH 4*5; Life Technologies) and chloroform, 

precipitated with two volumes of 100% ethanol, and suspended in 5 }il of RPA sample buffer 
(88% formamide, 1 0 mM EDTA pH 8.0, 1 mg/ml xylene cyanol, and 1 mg/ml bromophenol 
blue). Samples were denatured at 95° C for 10 min and electrophoresed on a 5% 
polyacryiamide/urea gel in TBE (89 mM Tris, 89 mM borate, 2 mM EDTA pH 8.3). Gets 
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were dried under vacuum and subjected to phosphorimager analysts for quantitation of the 
protected fragments (IP Lab Gel, Molecular Dynamics). 

An alternative transcript of approximately 4.8 kb was detected in HEK293 cells which 
expressed the highest levels of p68ECDHU. However an alternative transcript could not be 
detected by Northern analysis of the SKBR-3, BT474, or SKOV-3 carcinoma cell lines. 
Therefore, the more sensitive ribonuclease protection assay (RPA) was employed to examine 
the expression levels of the alternative transcript relative to the fully spliced 4.5 kb transcript. 
RNA from ovarian (SKOV-3) and breast (SKBR-3 and BT474) carcinoma cell lines, which 
contained detectable levels of p68ECDHla. and a control cell line, 17-3-1, stably transfected 
with HER-2 cDNA, were hybridized with an antisense "P-labeled RNA probe which spanned 
the entire ECDUIa (intron 8) sequence and 5' HER-2 exon sequence flanking intron 8. 
Following RNase digestion, electrophoresis, and autoradiography, a band of 370 nucleotides 
was detected in each cell line except for 17-3-1, which corresponds to the expected size 
protected by an ECDITia-containing HER-2 mRNA. In addition, an 87 nucleotide protected 
fragment was de t ec te d in all cells and is the size expected for me fully-spliced HER-2 message 
which is overexpressed by more than 100 fold in these carcinoma cell lines compared to 
normal control cell lines (Kraus et al.» EMBOJ. 6:605-610, 1987). The amounts of each 
protected fragment were quanthated and normalized for size to estimate the relative abundance 
of the alternative transcript, expressed as a percentage of the pl85HER«2 mRNA. The 
alternative HER-2 mRNA with the ECDUIa insert was at 4.2% the level of the fully spliced 
transcript in SKOV-3; 5.4% in SKBR-3, and 0.8% in BT474 cells. 

Example 6 

This example shows that alternative transcripts containing the ECDIQa insert were 
expressed in human embryonic kidney and liver. A Northern blot was conducted to examine 
whether an alternative transcript, which contains the ECDnia sequence, was expressed in 
normal human tissue. PolyA" mRNA from a variety of human fetal tissues prepared as a 
Northern blot was hybridized with a radiolabeled probe specific for the unique ECDUIa 
sequence. A 4.8 kb mRNA was detected in kidney and a 2.6 kb transcript was detected in liver 
(Figure 2). The 4.8 kb transcript likely corresponded to the full length 4.5 kb transcript with 
the 274bp insert and the 2.6 kb transcript may have corresponded to a previously described 23 
kb alternative transcript (Yamamoto et aL, Nature 319:230-234, 1986; and Scott et al, Mol 
Ceil. Biol 13:2247-2257, 1 993) with the 274bp ECDnia insert. When the blot was stripped 
and hybridized with a probe specific for the 5' HER-2 coding sequence, a broad band 
representing the 4.8 and 4.5 kb mRNAs was detected in fetal kidney tissues and the truncated 
2.6 kb transcript was detected m liver showing that these alternative transcripts contain 
sequences that encode the HER-2 ECD. Because the inserted ECDUIa sequence contained a 
termination codon, the same protein product may be produced from each of these mRNAs. 

Several cell lines were also investigated for the ECDIIIa-containing alternative 
transcript by Northern blot analysis. The 4,8 kb alternative transcript was detected in the 
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human embryonic kidney cell line, HEK-293 (Figure 2). Although the ECDIHa sequence was 
detected by RT-PCR analysis of SKBR-3, BT474, and SKOV-3 carcinoma cell lines, which 
all contain HER-2 gene amplification, an ECDMa-containing alternative transcript could not 
be detected by Northern analysis of these cells. Therefore, the more sensitive ribonuclease 
5 protection assay (RPA) was employed using an antisense probe which spanned the entire 
ECDIHa sequence and 5' HER-2 exon sequence flanking the ECDIHa sequence. The 
alternative HER-2 mRNA with the ECDIHa insert was detected at less than 5% of the fully 
spliced transcript in SKOV-3, SKBR-3, and BT474 cells. These findings show that two 
alternative transcripts containing the ECDIHa sequence were expressed in a tissue-specific 
10 manner in normal human tissues, that the 4i8 kb alternative transcript was expressed in the 
HEK-293 cell tine, and that the carcinoma cells with gene amplification express reduced 
amounts of the alternative transcript at less than 5% of the 4.S kb HER-2 transcript. 

Example 7 

This example illustrates expression of a protein containing the ECDIHa sequence. To 
1 5 assess whether the alternative sequence was translated into a protein product, the ECDHIa 
sequence, as a polyhistidine-tagged peptide in bacteria, was expressed and purified by nickel- 
affinity chromatography, and raised ahtisera against the purified peptide. The HEK-293 cells, 
which expressed the 4.8 kb ECDIHa alternative transcript, were examined for expression of an 
ECDHIa-ccmining protein by Western analysts. A 68 kDa protein from the cell extract and 
20 from the extracellular media reacted with the anti-ECDHU antibody (Figure 3) but not with 
preimmune sera and reactivity was blocked by preincubation of the antisera with purified 
ECDHIa peptide (Figure 3). The larger protein of -125 kDa detected in some cell extracts may 
be an aggregate of p68HER-2. The cDNA sequence of the alternative transcript (Figure 1 ) 
predicts a secreted protein product of 65-70 kDa if all 5 consensus N-linked glycosylation sites 
25 in the N-tenninal pI85HER-2 sequence are glycosylated (Stern et al.,Afo/. Cell Biol. 6:1729- 
1 740, 1 986). Several other cell lines were examined for expression of p68ECDHIa. The 
carcinoma cell lines which contained ECDHIa sequence in their cDNA (BT474, SKOV-3, 
SKBR-3) also had detectable levels of p68HER-2. 

Example 8 

30 This example illustrates the expression of p68HER-2 relative to pi 85HER-2 was 

markedly reduced in carcinoma cell lines in which the HER-2 gene is amplified. Because the 
p68HER-2 mRNA was expressed at very tow levels relative to the pl85HER-2 mRNA in 
carcinoma cell lines with HER-2 gene amplification, the relative proportions of p68HER-2 and 
pi 85HER-2 proteins in several cell lines were examined with and without HER-2 gene 

35 amplification. Western blots were prepared and probed with both antisera specific for 

p68HER*2 and for pl85HER-2. Figure 4 shows that pl85HER*2 was readily detected in the 
carcinoma cells lines that have their HER-2 gene amplified about 8 times (Kraus et aL, EMBO 
J. 6:605-610, 1987). However, there was not a corresponding elevation in p68HER-2. In 
comparison, p68HER-2 was the only HER-2 protein detected in the HEK-293, IOSEVAN, and 
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HBL100 nontumorigcmc cells, although p 1 85HER-2 was expressed at very low levels in these 
cells (Kxaus et al., EM30J. 6:605-610, 1987) and was detected in overexposed blots. These 
data show that p68HER-2 was low in proportion to pi 85HER-2 in carcinoma cells with HER-2 
gene amplification and suggests that a mechanism may exist to maintain low levels of 
5 p68HER-2 when pl85HER-2 is overexpressed. 

Example 9 

This example illustrates that p68HER-2 and the ECDUIa peptide specifically bind to 
pl85HER-2. Because p68HER-2 is secreted and contains subdomainsl and II identical to 
pl85HER-2, in addition to a novel sequence, the possibility that p68 HER-2 may interact with 

10 p!85HER-2 was investigated. Antipcptidc antibody against the N-terminus of pl85HER-2 and 
p68HER-2, anti-ncu (N), or antibody specific fbrpl85HER-2, anti-ncu(C) ( were used for 
tmmunoprecipitations of SKBR-3 carcinoma cells, which express low levels of p68HER-2 and 
overexpress pl85HER-2. The imraunoprecipitatcd material was prepared as a Western blot 
and probed with both anti-ECDIlla specific for p68HER-2 and with anti-neu(C). Anti-neu (N) 

15 immunoprecipitated both p68HER-2 and p!85HER-2 (Figure SA). In addition, antibodies 
specific for the Otcrrninus of pl85HER-2 iramunoprecipitated pl85HER-2 and coprecipitated 
p68HER-2 (Figure SAX suggesting an interaction between the two proteins. 

Since binding interactions between EGD sequences are very weak (Tzahar et al. t EMBO 
J. 16:4938-4950, 1997; Fitzpatricketal.,fT&5Le«err 431:102-106, 1998), the possibility that 

20 binding may be conferred by the novel proline rich ECDIIla domain was examined The 
unique 79 amino add domain, purified as a His- tagged protein, was immobilized on nickel 
agarose and used in a pull-down assay. For controls, two purified His- tagged peptides 
unrelated to ECDIIla, a 600 residue fragment of the Wilson's disease membrane protein, and a 
70 residue fragment containing the DNA binding domain of the CREB protein, were likewise 

25 immobilized on nickel agarose resin. The immobilized peptides were incubated with protein 
extracts prepared from HER-2 transfected 3T3 cells (17-3-1). Following extensive washes, the 
bound proteins were cluted and prepared as a Western blot which was probed with an antibody 
specific for pi 85HER-2. Equal amounts of His-tagged ECDIIla peptide and control peptide 
were bound to the resin as confirmed by ehition with IM imidazole and Coamassie staining of 

30 the ehited material in SDS-gels. While no pi 85HER-2 was retained by resin without peptide 
or with control peptide, p!85HER-2 was selectively retained by the ECDIIla peptide (Figure 
SB). 

Since the ECDIIla domain bound to p 1 85HER-2 in a pulldown assay, the question of 
whether the ECDUIa domain preferentially binds to cells that overexpress p 1 85HER-2 was 
35 examined This was investigated using monolayer cultures of 1 7-3-1 cells transfected with 
HER-2 compared to the parental 3T3 cells. The cells were incubated with different 
concentrations of the His-ECDUIa peptide, washed, and extracted in denaturing buffer with 
protease inhibitors. To detect any bound peptide, the cell extracts were examined by Western 
blot analysis using antibodies specific for ECDIIla. In addition, equal aliquot* of the ECDIIla 
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peptide treated cells were reacted as a Western blot with antibodies specific for pl85HER-2, 
demonstrating the overexpression of pl85HER-2 m the transfected 17-3-1 cells. The ECDIHa 
peptide preferentially bound to intact 17*3-1 cells at nM concentrations (Figure 5C) whereas 
little or no peptide was found to bind to equivalent amounts of parental 3T3 cells suggesting a 
5 specific interaction with the extracellular domain of p!85HER-2. 

Example 10 

Effect of p68ECDlDa and the ECDIlla peptide on tyrosine phosphorylation of 
pl85HER-2 was examined. Tyrosine phosphorylation of RTKs is the initial indication of 
ligand activation and signal transduction. Tyrosine phosphorylation in 17-3-1 cells treated 

10 with different amounts of the purified ECDIHa peptide, with conditioned media (CM) from 
HEK293 cells mat contained high levels of p68HER-2 (Figure 2A), or with control 
conditioned media from SKOV-3 cells that had no detectable p68HER-2 were examined. 
There was no increase in the tyrosine phosphorylation signal at 10 minutes (Figure 6) or 2 hrs 
of treatment with His-ECDHla or with concentrated CM suggesting that pi 85HER-2 was not 

15 activated. Neither po^HER-2-containing CM nor the ECDIHa peptide detectably altered the 
phosphotyrosine signal corresponding to pl85HER-2 from SKOV-3 cells in which pl85HER-2 
tyrosine phosphorylation levels were low. Additionally, p68HER-2 and the ECDTJIa peptide 
had no discernabte effect on in vitro self-phosphorylation activity of pl85HER-2 
imtnunoprccipitated from 17-3-1 cell extracts. These results support the conclusion mat 

20 p68H£R 2 did not activate pi 85HER-2 signal transduction. 

Example 11 

This example illustrates that the sequence of intron 8 is polymorphic. Intron 8 of the 
human HER-2 gene is alteraati vely retained in mRNA, and encodes a novel 79-reridue domain 
at the (>tenninus of a part of the extracellnlar domaio of pi 85HER-2. The product, 

25 "herstatin," of me alternative transcript with the retained intron functions as an autoinhibitoi of 
the HER-2 oncogene. The intron 8 encoded domain, alone, was shown to bind with oM 
affinity to pl85HER-2. (Doherty et al., Proc. Natl Acad. Set. USA 96:10,869-10,874, 1999). 

Additionally, polymorphisms in the nucleotide and deduced amino acid sequence of 
intron 8 in the HER-2 gene were identified by sequencing genomic DNA from 1 5 different 

30 individuals. Figure 8 and SEQ ID NO: 1 0 show the most common nucleotide sequence of 
intron 8 with 10 different polymorphisms (marked by an X) that result in nonconservatjvc 
amino acid substitutions. For example, the polymorphism at residue #54 (G Q result in a 
substitution of Arginine (R) for Proline (P). The N-terminal Glycine (G), designated as 
position I in this figure, corresponds to amino acid residue 341 in the herstatin sequence 

35 (Doherty et al. ( Proc. Natl Acad. Sci. USA 96:10,869-10,874, 1999). The nucleotide sequence 
shown in Figure 1(A) is a polymorphic form that differs at amino acid residues #6 and #73 
from the most commonly detected sequence shown here in Figure 8. 

This result demonstrates that in the human population there are several variations in the 
intron-8 encoded domain that could lead to altered biochemical and biological properties 
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among herstatin protein Variants. Some identified variants are summarized in Table 1 . 



TABLE 1 
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5 

Table 1 . Sequence variants in the intron-8 encoded domain found in the human population 
(based on 15 different individuals). Sequence variants 1-10 arc listed, showing the base change 
at a particular X position relative to that found in the most common DNA sequence shown in 
Figure 8. The numbers in parenthesis after each X correspond to the position in the DNA 



10 sequence shown in Figure 8. The DNA sequence variants listed here correspond to the variable 
amino acid positions ("Xaa") ofSEQ ID NO:l as follows: X(4) to Xaa(2); X(14) to Xaa(S); 
X(I7) to Xaa(6); X(47) to Xaa(16); X(54) to Xaa(t8); X{62) to Xaa{21); X(106) to Xaa(36); 
X(161) to Xaa(54); X(191) to Xaa(64); X(21 7) to Xaa(73); and to the variable amino acid 
positions of SEQ ID N02 as follows: X(4) toXaa(342); X(14) to Xaa(345); X(17) to 

IS Xaa<346); X(47) to Xaa(356); X(54) to Xaa{358); X(62) to Xaa(361); X(106) to Xaa(376); 
X(161) to Xaa(394); X(19l) to Xaa(404); X(217) to Xaa(413). Hie specific amino add 
changes (relative to the most common DNA sequence of Figure 8) for the variable amino acid 
positions in SEQ ID NO:l are: Variant 1, Xaa(2XTbr-»Ser); Variant 2, Xaa(5) (Leu-tPro); 
Variant 3, Xaa(6) (Pro-+Leu); Variant 4, Xaa(16) (Leu->Gln); Variant 5, Xaa(18) (Met->Leu); 

20 Variant 6, Xaa(21) (Gly-> >; Variant 7, Xaa(36) (Leu->Ile); Variant 8, Xaa(54) (Pro-+Arg); 
Variant 9, Xaa(64) (pro-*Leu); and Variant 10, Xaa(73) (Asp->Asn). The same substitutions 
apply to the corresponding variable amino acid positions in SEQ ID NO; 2. 



24 
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Throughout this specification and the claims which follow, unless the context requires 
otherwise, the word "comprise", and virietions such as •comprises" and "coxaprisinfiT, will 
be understood to imply the iwhisian of a stated integer or step or group of integers or steps 
but oct the occlusion of any other integer or step or group of integers or steps. 

The reference to any prior art in to speoEeatioriU not, and should not be tata 
s*knowledgm*oi or any form o f suggestion that that prior art forms part of the common 
general knowledge in Australia. 
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EDITORIAL NOTE 

APPLICATION NUMBER - 47951/00 

The following Sequence Listing pages 1 to 9 are part of the 
description. The claims pages follow on pages 25 to 30. 
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SEQUENCE USTIKG 

<110> Oregon Health Sciences University 

<120> HER -2 BINDING ANTAGONISTS 

<I30> 243QC00/NRR/JRC 

<140> PCT/US 00/014 B4 
<141> 2000-01-20 

<150> US 09/234,208 
<151> 1999-01-20 

<160> 12 

<no> Pstentin version 3.2 

<210> 1 

<2ll> 79 

<212> PUT 

<213> Hobo sapiens 

<22Q> 

<221> MrSC_FEATDRE 

<223> Appilcaats herein disclose Thr end Ser sequence variants at thla 
position 

<22Q> 

<221> MISC_fEATORE 

<223> Applicants herein disclose Leu snd fro sequence variants at this 
position 

<220> 

<221> WSC_FEATURE 

<223> Applicant m herein disclose Fro and Leu sequence variants *t this 
position 

<220> 

<221> HZSC_rtATURE 

<223> App^canti herein disclose Lev and Gin sequence variants at this 
position 

<220> 

<221> MISC_rEATOBE 

<223> Applicsiu herein disclose Met and Leu sequence variants at this 

position 

<220> 

<22i> MISC_fRATURE 

<llll Applicints herein disclose Cly r Asp, Ala and Val sequence 
variants et this position 

<220> 

<221> MISC FEATURE 
<222> (36).. (36) 



Ptae 1 
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<223> Applicants herein disclose Leu and He sequence variants at this 
position 

<220> 

<22l> MZSC FEATURE 

<222> (54)7.(54) . t ^ 

<223> Applicants heroin disclose Pro and Arg sequence verianta at tnio 
poaition 

<220> 

<221> MICC FEATURE 
<222> (64)7.(64) 

<223> Applicant* herein disclose Pro and Leu sequencs varlanta at tfcie 
poaition 

<220> 

<22l> UISC FEATURE 

<222> (19)7.(19) , ^ 

<223> Applicants herein disclose Asp and Asn sequence varLmnts at thia 
position 

<400> 1 

Gly Xas Bis Ser Xas Xaa Pro Arg Pro Ale Ala Vsl Pro Val Pro Xaa 

1 5 10 IS 

At a Xaa Gin Pro Xaa Pro Ale His Pro Val Leu Set Phe Leu Arfl Pro 
20 25 30 

Ser Trp Asp Xsa Val Ser Ale Phe Tyr Ser Leu Pro Leu Ale Pro Leu 
* 35 « *5 

Ser Pro Thr Ser Val Xaa He Ser Pro Val Ser Val Gly *rg ClY x** 
50 55 60 

Asp Pro Asp Ale His Vsl Ala Val Xsa Leu Ser Are Tyr Glu Cly 
65 70 ?5 

<210> 2 

<211> 419 

<212> PUT 

<213> Homo sapiens 

<22Q> 

<72X> M3C_FEATCRE 

<llll ApplicaiSts 2 ierein disalose Thr and 6er sequence variants at this 
position 

<220> 

<221> KISC_FEATURE 

<223> Applicants 5 herein disclose Leu and Pro sequence variants at this 
position 

<220> 

<22l> MISC_FEATURE 
Page 2 
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<222> (346).. (346) 

<223> Applicants herein disclose Pro and Leu sequence variants at thit 
position 

<220> 

<221> MISC.fKATORB 
<222> (356].. (356) 

<223> Applicants herein disclose Leu and Gin sequence variants at this 
position 

<220> 

<221> HZ5C FEATURE 
<222> [3SaT..(358) 

<223> Applicants herein disclose Met snd Leu sequence variants at this 
position 

<220> 

<221> KISC rCATURE 
<222> (3617-. (361) 

<223> Applicants herein disclose Gly, Asp, Ala and Val sequence 
variants at this position 

<220> 

<221> HZSC FEATURE 
<225> (3767. .(376) 

<223> Applicants herein disclose Leu and lie sequence variants at this 
position 

<22C> 

<221> HZSC FEATURE 
<222> (3947. .(394) 

<223> Applicants herein disclose Pro and Axg sequence variants et this 
position 

<220> 

<22l> MI5C FEATURE 
<222> (4047. .(404) 

<223> Applicants herein disclose Pro and Leu sequence variants at this 
position 

<Z20> 

<221> KISC FEATURE 

<222> (4137.. (413) a ^ . . 

<223> Applicants herein disclose Asp and Asn sequence variants at this 
position 

<400> 2 

Met Glu Leu Ala Ala Leu Cys Arg Trp Gly Leu Leu Leg Ala Leu Leu 
15 10 13 

Pro Pro Gly Ala Ala Set Thr Gin Val Cys Thr Gly thr Asp Cys Lys 
20 25 30 

Leu Aro Leu Pro Ale Ser Pro Glu Thr His Leu Asp Hst Leu Arg His 
35 40 45 

Leu Tyr Gin Gly Cys Gin Val Val Gin Gly Asn Leu Glu Leu Thr Tyr 
50 53 60 



page 3 
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Lau Pro Thr Aan Ala Ser Leu Sar Pho Leu Gin Asp Ilo Gin Glu Val 

65 10 75 80 

Gin Gly Tyr Val Lau Cya Al» Hia Aso Gin Val Arg Gin Val Pro Leu 
85 90 »5 

Gin Arg Lau Arg Ilo Val Arg Gly Thr Gin Lau Pho Glu Aap Aao Tyr 

ioo 105 no 

Ala Lou Ala Val Leu Aap Aon Ciy Aap Pro Lou Aan Aan Thr Thr Pro 
115 120 125 

Val Thr Gly Ala Ser Pro Gly Gly Lau Arg Glu Lou Gin Leu Axg Ser 
13Q 135 140 

Lau Thr Glu Cya Leu Lya Gly Gly Val Leu U« Gin Arg Aao Pro Gin 
115 150 155 

Lau Cya Tyr Gin Aap Thr He Lou Trp Lya Aap Ilo Pho Hla Lya Aon 

165 no 17 * 

Aan Gin Leu Ala Leu Thr Leu He Aap Thr Asn Arg Ser Axg Ala Cya 
180 185 190 

Hi* Pro Cya Bar Pro Cya Cye Lyi Gly Ser Arg Cya Trp Gly Glu Ser 
195 200 205 

Ser Glu Asp Cya Gin Ser Leu Thr Arg Thr Val Cya Ala Gly Gly Cya 
210 215 220 

Ala Arg Cya Lya Gly Pro Lou Pro Thr Aap Cya Cya Hla Glu Gin Cya 
225 230 235 2*0 

Ala Ala Gly Cya Thr Gly Pro Lye Hla Sar Aap Cya Leu Ala Cya Lou 
245 250 255 

His Pha Aan Hla Ser Gly He Cya Glu Lau Hi» Cya Pro Ala Leu Val 
260 265 < 7 0 

Thr Tyr Aan Thr Aap Thr Pha Glu Sar Cya Pro Aan Pro ClU Gly Arg 
275 280 285 

Tyr Thr Pha Gly Ala Ser Cya Val Thr Ala Cya Pro Tyr Aan Lya Lou 
290 2« 300 

Ser Thr Asp Val Gly Ser Cya Thr Lau Val Cya Pro Lou Hla Aan Gin 
305 310 315 320 

Pago T 
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Glu Val Thr Ala Clu Asp Oly Thr 61a Arg Cya Glu hya Cya Ser Lys 
322 330 395 

Pro Cya Ala Arg Civ Xaa His Ser Xaa Xaa Pro Arg Pre Ala Ala Val 
340 315 350 

Pro Val Pro Xaa Arg Xaa Gin Pro Xaa Pro Ala Bla Pro Val Leu Sar 
333 360 ICS 

Pha Leu Arg Pro Ser Trp Asp Xaa Val Ser Ala Phe Tyr Sar Lav Pro 
310 373 380 

Leu Ala Pro Leu Aap Pro Thr 8«r Val Xaa lie Ser Pro Val Sat Val 
385 390 393 «>0 ' 

Gly Arg Gly Xaa Aap Pro Aap AU Hla Val Ala Val Xaa leu Sar Arg 
»; Tyr Glu Gly 



5 • • <211> 19 

<212> DMA 

! <213> Artificial Sequence 

•I'" <220> 

.... «223> HER-2-ap«eifiC oligonucleotide primer 

<400> 3 
•••• tgagcaccat ygagctggc 

■ ••• 

■ • 

<210> 4 

.V\ <211> 22 

<212> DBA 

<213> Artificial Sequence 

•••• 

; <Z20> 

J»; <223> HEA-2-«P«oific oligonucleotide primor 

• m <400> 4 

tecggcagea etgccaggct cc 



<2iQ> 5 

<ZU> 22 

<212> OMA 

<213> Artificial Sequence 

<220> . 

<223> HER- 2 cDNA-epecific oligonucleotide primer 



19 
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aacacagcgg tgtgagaagt go 22 

<210> 6 

<211> 21 

<212> DNA 

<213> Artificial Sequeac* 
<220> 

<223> HER-2 ECDIXXa-region-apoclfic oligonucleotide priiier 

<400> 6 

ataccgggae aggtcaacag c 

<210> 7 

<211> 20 

<2i:> OKA 

<213> Artificial Sequence 
<220> 

<223> HER-2 ECDIIIa-regi©n-*p»citic oligonucleotide primer 



20 



«00> 7 

tetgggtacc caobcactgc 

<210> B 

<211> 22 

<212> DNA 

<213> Artificial Sequence 
<220> 

<223> HER-2 exon-apecif ic ollgonueUotida primer 

<400> 8 , 2 
ttcacactgg caegtecaga ec 



<210> 9 

<211> 27 

<212> DMA 

<213> Artificial Sequence 



<223> HER-2 cDVA-specif ic oligonucleotide primer 
<400> 9 

gcacgcatcc atagcagact ^aggsgg 



<210> 10 

<211> 240 

<212> OKA 

<213> Hcxio aapiona 



<220> 

<221> exon 
<222> CI) > • (240) 

<223> ECDXXXa reqioft coding aequence 
<220> 
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<221> miac feature 
<222> (62)7.(62) 

<223> Applicants disclose C, T, A and C variant j at this position 



<400> 10 

ggt wee cac tea cyg eye ccg egg cca get get gtt cct gtc cct cwg 

Gly Xaa Kis Ser Xaa xaa Pro Arg Pro Ala Ala Val Pro Val Pro Xaa 

1 3 ' 10 15 

cgc atr esg cct gnc coa gec cac cct gtc ota tec ttc etc aga cce 
Arg Xaa Gin Pro Xaa Pro Ala Hi a Pro Val Leu Ser Phe L«u Arg Pro 
20 23 30 

tct tag gac mta gtc cct. gec ttc tec tct eta ccc ctg gec ccc etc 
Ser Trp Asp Xaa Val 5«r Ala Phe Tyr Ser Leu Pro Lou Ala Pro I*u 
35 40 45 

age cct aca agt gtc est ata tec cct gtc agt gtg ggg agg ggc cyg 
Ser Pro Thr Ser Val xaa lie Sar Pro Val Ser Val Gly Arg Gly Xaa 
50 53 «0 

gac cct gat get cat gtg get gtt sac ctg tec egg tat gae gge tga 
Aap Pro Asp Ala Hia Val Ala Val Xaa leu Ser Axg Tyr Glu Gly 

65 70 75 

<21Q> 11 

<2U> 79 

<212> PRT 

<213> Hooo aaplens 

<400> 11 

Gly Thr Bla Ser Leu Pro Pro Arg Pro Ala Ala Val Pro Val Pro Leu 



Arg Hot Gl« Pro Gly Pro Ale Hie Pro val Leu Ser Ph« Leu Arg Pro 
20 23 30 

Ser Trp Aap Leu Val Ser Ala Pha Tyr Ser Leu Pro Leu Ala Pro Leu 
* 35 40 «S 

Ser Pro Thr Ser Val Pro lie Ser Pro Val Ser Val Gly Arg Gly Pro 
50 55 60 

Aap Pro Aap Ala Hie Val Ala Val Asp Leu Sar Arg Tyr Glu Gly 
65 70 73 



46 



96 



144 



192 



240 



<210> 12 

<2U> 419 

<2l2> PRT 

<213> Homo sapiens 

<400> 12 

Hct Glu Leu Ale Ala Leu Cys Arg Trp Gly Leu Leu Leu Ala Leu Leu 

i 5' 10 15 
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Pro Pro Gly Ala Ala Sar Tbr Gin Val Cya Tbr Cly Thr Aap Hat Lya 
20 25 30 

Leu Arg Leu Pro Ala Ser Pro Clu Thr Hia Leu Aap Mot Lau Arg HI a 
35 40 « 

Leu Tyr Gin Gly Cys Cln Val Val Gin Gly Asn Lau Clu Leu Thr Tyr 
30 55 «0 

Leu Pro Thr Aan Ala Ser Lau S«r Phe Lou Clo Aap I la Wo Clu Viil 
63 70 75 80 

Gin Cly Tyr Val Leu lie Ala till Aan Gin Val Arg Gin Vai Pro Lau 
85 90 »5 

Gin Arg Uu Arg Ilo Val Arg Gly Thr Gin Lau Phe Glu Asp Aan Tyr 
100 105 "0 

Ala Lou Ala Val Leu Asp Am Gly Aap Pro Leu Asn Aan Thr Thr Pro 
113 120 125 

Val Tbr Gly Ala Sar Pro Gly Gly Leu Arg Glu Lau Cln Leu Arg Sex 
130 135 KO 

Uu Thr Glu lie Lau Lya Gly Gly Val Lau Ilo Gin Arg Asn Pro Gin 
115 150 155 1«0 

Lau Cys Tyr Gin Aap Thr He Lau Trp Lya Aap lie Phe flia Lya Aan 

163 i 7 0 175 

Aan Cln Lau Ala Lau Thr Lau Ua Aap Thr Ain Arg Sar Arg Ala Cya 

180 1*5 1"« 

Hia Pro Cya Sar Pro Mat Cys lya Cly Ser Arg Cya Trp Gly Glu Sor 
ig$ 200 205 

Sar Glu Aap Cya Gin Sar Lau Thr Arg Thr Val Cya Ala Gly Gly Cya 
210 215 2*0 

Ala Arg Cya Lya Gly Pro Lau Pro Thr Aep Cy. Cy. Hia Clu Gin Cy. 
225 230 235 "0 

Ala Ala Gly Cya Thr Gly Pro Lya 81a Ser Aap Cya Lau Ala Cva Lau 

250 *&S 



Hia Pha Aan Hi* Sar Gly He Cya Glu Uu Hia Cya Pro Ala Lau Val 
260 * fi 5 « 70 

Page S 
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Thr Tyr Aan Thr Asp Thr Phe Glu Sir Net Pro Aan Pro Clu Gly Arg 

275 280 2B5 

Tyr Thr Phe Gly Me Ser Cye Val Tbr AW Cye Pro Tyr Aan Tyc Leu 
290 295 300 

Ser Thr Aep Val Giy Ser Cya Thr Leu Val Cya Pro Leu Hit Aan Gin 
305 310 3X5 320 

Glu Val Thr Ale Glu Aap Gly Thr Gin Arg Cya Glu Ly» Cya £er Lya 



Glu Aap Gly Thr Gin Arg Cya Glu Lya cya »er 
325 330 335 

Pro Cya Ala Arg Sly Thr Hi a Ser Leu Pro Pro Arg Pro Ala Alt Val 
340 345 350 

Pro Val Pro Leu Arg Met Gin Pro Gly Fro Ale Hla Pro Val Leu Ser 

355 360 365 

Phe Leo Arg Pro Ser Trp Asp Leu Val Ser Ala Phe Tyr Ser Lou Pro 
370 375 380 

Leu Ala Pro Leu Ser Pro Thr Ser Vai Pro He Ser Pro V»l Ser Val 
385 390 39S «Q0 

Giy Arg Gly ?ro Aap Pro Asp Ale Hie Val Ala V»l Asp Leu Ser Arg 
405 410 41S 



Tyr Glu Gly. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS : 

1. An isolated polypeptide comprising an amino acid sequence selected from 
the group consisting of SEQ ID NO:l, or a frignoeut of SEQ ED NO:l of about 50 to 79 
contiguous residues in length, wherein the polypeptide binds to toe extracellular domain 

5 (ECD) of HER-2 with an affinity binding constant of at least 10* M"\ 

2. The isolated polypeptide of claim 1, wherein tbc isolated polypeptide is 
from about 69 to 79 contiguous residues in length. 

3. The isolated polypeptide of claim I, wherein the isolated polypeptide 
comprises an amino add sequence selected from tte 

10 4. An isolated nucleic acid comprising a sequence that encodes a polypeptide 

comprising an amino acid sequence selected from the group consisting of SEQ ID NO:l, 
or a fragment of SEQ ID NO:I of about 50 to 79 contiguous residues in length, wherein 
the polypeptide binds to the extracellular domain (ECD) of HER-2 with an affinity binding 
constant of at least 10 s M" 1 . 

15 5. The isolated nucleic acid of claim 4, wherein the isolated polypeptide is 

from about 69 to 79 contiguous residues in length in length. 

6. The isolated nucleic acid of claim 4, wherein the isolated polypeptide 
comprises an amino acid sequence selected from the group consisting of SEQ ID NO: 1 . 

7. A tranafceted cell comprising an expression vector having a nucleic acid 
20 sequence that encodes a polypeptide comprising an amino acid sequence selected from the 

group consisting of SEQ ID Nat, or a fragment of SEQ ID NO:l of about 50 to 79 
contiguous residues in length, wherein the polypeptide binds to the extracellular domain 
(ECD) of HER-2 with an affinity bmding constant ofat least lO^'M" 1 . 

8. An isolated polypeptide wunprising an amino acid sequence selected from 
25 the group consisting of SEQ ID NO;2, or a fragment of SEQ ID NO:2 of about 80 to 419 

contiguous residues in length, wherein the C terjoama) 79 contiguous amino acids are 
present, wherein at least one N-linked glyco«ylanon site is present, and wherein the 
polypeptide binds to the extracellular domain (ECD) of HER-2 with an affinity bmding 
constant of at least 10 1 M"\ 
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9. The isolated polypeptide of claim 8, wtaeia the isolated polypeptide is 
from about 350 to 419 oontigiioiH residues in length and three N-hnked glycosylanon sites 
are present. 

10. The isolated polypeptide of claim 8, wherein the isolated polypeptide 
comprises an ammo add sequence selected from the gnu© consisting of SEQ ID NO: 1. 

11. An isolated micleic acid comprising a sequence thai encodes s polypeptide 
comprising an amino acid sequence selected from the group cenaiatmg of SEQ ID N02, 
ora fragment of SEQ ID N02 of about 80 to 419 contiguous residues in length, wherein 
the C 79 contiguous ammo acids are present, wherein at least one N-linked 
glycosyfction site ii preset 

CECD) ofHER-2 with an affinity binding constant of at least 10 s M" 1 . 

12. The isolated nucleic acid of claim 11, wherein the polypeptide is from shout 
350 to 41 9 residues in length and three N-linked ghycosylfltiou sites are present 

13. A tranafocted cell comprising an expression vector having a nucleic acid 
sequence that encodes a polypeptide connrismg an amino acid sequence selected from the 
group consisting of SEQ ID NO:2, or a fragment of SEQ ID NO:2 of about 80 to 419 
contiguous residues in length, wherein the C terminal 79 contiguous amino acids are 
present, wherein at least one N-linked glycosylate site is present, and wherein the 
polypeptide binds to the cxtraceUular domain (ECU) of HER-2 with an affinity binding 

20 constant of at least 10* M*V 

14. A method for treating a solid tumor characterized by oveiexpreasion of 
HER-2, comprising adrmxustcring a therapeutically effective amount of an agent selected 
from the group consisting of. (a) an isolated polypeptide comprising an amino acid 
sequence selected from the group consisting of SEQ ID NO: 1 , or a fragment of SEQ ID 

25 NO: 1 of about 5 0 to 79 contiguous residues in length, wherein the polypeptide binds to the 
extracellular domain (ECD) of HER-2 with an affinity binding constant of at least \<f M*'; 
(b) an isolated polypeptide wrapriaing an amino acid sequence selected from the group 
consisting of SEQ ID N05, or a fragment of SEQ ID NO* of-obout 80 to 419 contiguous 
residues in length, wherein the C tarainal 79 cjzniguojB smino adds arc present, wherein 
at least one N-lmked glycosylates site is present, and wherein the polypeptide binds to the 
extracellular cVanain (ECD) of HER-2 with an affinity binding constant of at least 1 0" M" 1 ; 
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(c) a m^n^Vm nl antibody that binds to the artracelhilar domain o f HER-2 (ECD) of HER- 
2; and (d) tr»riMnfti*Ttf thereof with the proviso that where the eompoaition oomprises the 
monoclonal antibody it also comprises at least one of the agents of (a) and (b). 

1 5. The method of claim 14, whexein the soHd tumor that overexprtasea HER-2 
5 is selected from the group consisting of breast cancer, small cell lung carcinoma, ovarian 

cancer and colon cancer* 

16. Hie method of claim 14, wherein the agent is the isolated polypeptide 
comprising an amino acid sequence selected from the group consisting of SEQ ID NO:!, 
or a fragment of SEQ ID NO:l of about 50 to 79 contiguous residues in length. 

10 17. The method of claim 16, wherein the agent ifi a combination of the 

monoclonal antibody that binds to the extracellular domain of HER-2 (BCD) of HER-2, 
and the isolated polypeptide comprising an amino acid sequence selected from the group 
consisting of SEQ ID NO:l, or a frapnent of SEQ ID NO:I of about 50 to 79 contiguous 
residues in length. 

15 is. A phairnacculical composition for treating solid tumors that overexpresa 

HER-2, comprising an agent selected from the group consisting of:, (a) an isolated 
polypeptide comprising an *™™ acid sequence selected from tb« group consisting of SEQ 
ID NO:l ( or a fragment of SEQ ID NO:l of about 50 to 79 contiguous residues in length, 
wherein the polypeptide binds to me extracellular domain (ECD) of HER-2 with an affinity 

20 binding constant of at least 10» NT 1 ; (b) an isolated polypeptide «HDpriain« an ammo add 
sequence selected from the group eclating of SEQ ID NO:2, or a fragment of SEQ ID 
NO:2 of about 80 to 419 contiguous residues in length, wherein the C terminal 79 
contiguous amino acids arc present, wherein at least one N-linked glycosylate site is 
present, and wherein the polypeptide binds to the extracellular domain (ECD) of HER-2 

25 with an affinity binding constant of at least 10 1 M" 1 ; (c) a monoclonal antibody mat binds 
to the extracellular domain of HER-2 (ECD) of HER-2; and (d) combinations thereof; and 
a imarmaceutically acceptable earner or excipienU with the proviso that where the 
composition compriies the monoclonal antibody it also comprises at least one of the agent* 
of (a) and (b). 

30 19. The pharmaceutical composition of claim 18. wherein the agent is the 

isolated polypeptide comprising an amino acid eequence selected from the group 
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consisting ofSEQ ID NO:l, or a frsffaem of SEQ ID NO:l of about $0 to 79 contiguous 
residues in length. 

20. Hie pharmaceutical composition of claim 18, wherein (he agent is a 
ramMnrtpn of the mAm^ 1 ™" 1 antibody that binds to the extracellular domain of HER-2 
(ECD) of HER-2, and an isolated polypeptide comprising an amino add sequence selected 
than the group consisting ofSEQ ID NO:l, or a fragment of SEQ E> NO: 1 of about 50 to 
79 contiguous residues in length. 

21. A method for targeting a therapeutic agent to cancer cells characterized by 
overexprcssion of HER-2, ammrismg attaching the therspeubc agent to at least one of: (a) 
an isolated polypeptide comprising an ammo acid sequence selected from the group 
consisting of SEQ ID NO:l. or a fragment ofSEQ ID NO:l of about 50 to 79 contiguous 
residues in length, wherein me polypeptide binds to the extracellular domain (ECD) of 
HER-2 with an affinity binding constant of at least 10" M* 1 ; and (b) an isolated polypeptide 
comprising an amino acid sequence selected from the group amsiating of SEQ ID NOS, 
or a fragment of SEQ ID NOS of 80 to 419 contiguous residues in length, wherein the C 
terminal 79 contiguous amino acids are present, wherein at least one N-Iinkcd 
glycosyUlion site is present, and wherein the polypeptide bends to the extracellular domain 
(ECD) of HER-2 with an affinity binding constant of at least 10 s M" 1 . 

22. The method for targeting a therapeutic agent of claim 21, wherein the 
20 isolated polypeptide is. from about 69 to 79 contiguous residues in length. 

23. The method for targeting a therapeutic agent to solid tumor tissue of claim 
21, wherein the isolated polypeptide ccmprUca an smino acid sequence salected from the 
group consisting of SEQ ID NO:l. 

24. A method for Determining a prognosis of tumor treatment for a tumor that 
25 overexpresses HER-2, comprising: (a) ootauung a bodily fluid ox tissue sample from a test 

subject; and O) determining, using a suitable anti-p68HER-2 antibody-based assay, an 
amount of p«8HER-2 in the sample, whereby the prognosis is, at least in part, afforded. 

25. The prognostic method of claim 24, further comprising determining the 
amount of pl85HER-2 extracellular domain (ECD) in the sample. 
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26. The prognostic method of cUixn 25, further comprising deterrnining a ratio 
between the amount of p68HER-2 and pl85HER-2, whereby the higher (be p68HER-2 to 
pi 85HEEU2 ratio, the better the prognosis. 

27. The prognostic method of claim 24,-whBjma the bodily fluid or tissue 
5 simple compnses a sample selected from the poup consisting of blood, serum, urine, 

lymph, saliva, tumor tissue, and combinations thereof and Wherein the anti-p68HER-2 
sntibod^based assay is selected from ma tasay group consisting of ELJSA, 
imnwiiopreripitalion, immunocytochemistry. Western analysis, and combinations thereof. 

28. An isolated polypeptide consisting of an amino acid sequence selected from 
10 the group consisting of SEQ ID NCM. 

29. An isolated polypeptide consisting of an amino acid sequence selected from 

the group consisting of SEQ ZD N02. 

3a The pharmaceutical composition of claim 18, wherein the agent is an 
isolated polypeptide comprising an amino add sequence selected from the group 
J5 consisting of SEQ ID NO:2, or a fragment of SEQ ID NO:2 of about 80 to 419 contiguous 
residues in length. 

31. The phannaeeutical composition of claim 18, wherein the agent if a 
combinition of the monoclonal antibody that binds to the extracellular domain of HER-2 
(BCD) of HER-2, and an isolated polypeptide comprising an amino acid sequence selected 

20 from the group consisting of SEQ ID NO-2, or s fragment of SEQ ID KO.2 of about 80 to 
419 contiguous residues in length. 

32. An isolated polypeptide cornprising an amino acid sequence selected from 
the group consisting of SEQ ID NO:ll, and a fragment of SEQ ID NO:ll of about 50 to 
79 contiguous residues in length, wherein the polypeptide binds to the extracellular domain 

25 (ECD) of HER-2 with an affinity binding constant of at least 10* M"\ 

33. The isolated polypeptide of claim 32, wherein the isolated polypeptide is 
from about 69 to 79 contiguous residues in length. 

34. The isolated polypeptide of claim 32, wherein the isolated polypeptide 
comprises SEQ ID NO:l 1. 

30 35. An isolated polypeptide consisting of SEQ ID NO: 1 1. 
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36. An isolated polypeptide rwnrfflinhg an amino acid sequence selected from 
the group consisting of SEQ ID NO:12, and s fragment ofSEQ ID NO:12 of about 80 to 
419 contiguous residues in length, wherein the C-tominal 79 contiguous amino acids ere 
present, wherein at least one N-hnksd gryeosylstian site is present, and wherein the 

5 polypeptide binds to the extracellular domain (BCD) of HER-2 with an affinity binding 
constant of at least 10 1 M"'. 

37. Toe isolated polypeptide of claim 36, wherein the isolated polypeptide is 
bom about 350 to 419 contiguous residues in length and at least three N-lmked 
giycosylation sites are present 

10 38. The isolated polypeptide of claim 36 wherein the isolated polypeptide 

comprises SEQIDNOIZ 

39. An isolated polypeptide consisting of SEQ ID NO: 12. 

DATED mis 25th day of August, 2004 
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Oregon Health Sciences University 

By DAVIES COIXISON CAVE 
Patent Attorneys for the Applicant 
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HER-2 Introo 8 Polymorphisms 

I GTHSLPPRPAAVPVPLRMQPG 
1 GGTTlCCCACTCACTGCCCCCGAGGCCAGCTGCAtnTCCTGTCCCT 

XXX XX X 

22 PAHPVLSFLRPSWDLVSAFYS 
64 CCftGCCEACCCTCmrCTATCCTTCCTCA^ 

X 

43 LPLAPLSPTSVPISPVSVGRG 
127 CTACCCCTGCXXX:CCCTC3iGCCCTACAAGT^ 

X 

64 PDPDAHVAVDLSRYE G Stop 80 
190 CCXjGACCCTGATTXTTCATCrrGGCTGTTGACCT 240 
X X 



Figure 8 
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